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PREPAeE 


As the title suggests, this handbook is elementary in character, 
an^the main object is to ftrnish an oijtline of the general features 
concerning, the occurrence and^gAlogy ;)f petroleum or bitumen, 

• in a condensed manner, and witl especial reference to practical 
intcfest in the hope that it jnsfy so we as an introduction to 
thos? desiring to become acquainted with the subject (or studehts 
in oil-geology), and that it may also be of ^ome interest to the 
large class who are concerned in “its economic or commercial 
aspects. 

The exigencies of the present day «dtnnand the expeditious 
summing up of the prosjiects as to projK^rties or oilfields, in 
order either to coinmenco o})erations without delay, or to cut 
the expenditure with a minimum of loss -in cases where the 
prospects are not of sufficient promise to w'arrant further outla/J 
Instances are many where much detailed exploratory work 
and ])rotracted and elaborate* geological surveys, ^onductetil in* 
unpromising areas, have, after much expenditure, only led to 
disap] )oiiiting or negative results (although much of sci(*ntific 
" interest may have^ been gained), while costly exp,editions have 
been#- dispatched to regions concerning which the information 
already available is 8uffi(’-ient to indicate that there can Ixj but 
small ho])e of a successful issue. In addition, drilling is often 
carried out in hopeless ground and many companies l]oate«l on 
Ixdialf of evidently vaUiel(*ss lands. These circiifnslanc(*s suggest 
that the present attempt U' nieet the ncc<ls of tin* non-sj)Ccialist 
mSy not be altogether unacceptable. 

The discussion herein is limited to th(^ mon* perrinent theo- 
retical (]uestions and ])ractica] consrderations, or the general 
topics of interest? and, whore possible, is illustrated by reference 
to known examples in the field. HScourse has naturally been 
mad(^ to, and much information derived from, the various works 
and ipapers bearing on <lie subject, but, as refererfl'/Cs to such 
have been made by means Sf footnotes to the text, it has not 
been^ deemed ruecessary to enumerate them here ; althougl;^ the 
materials and the*views expre.s.sed are also founds! on. }>ersofftil 
observations^ and studies made in various B^gions^'durinsr two 
•decades. 

The parf. dh cussing,, the origin wras, in substance, originally 
published in the form of a paper apf)earing in Mining 
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PREFACE. 


McufazbieJ^in 1920), althoiigh, an now presented, it has received 
modifications and additions. The short sketch, appearing in 
the Introductory chapter (§ 2), that relates to the available 
sourc(j8 of supply, is largely derived from an article (also by the 
writer) that was published some ye^s ago in the Acade§fiy, 
This is, nevertheless, now*incl»dgd, as it may perhaps |^ad to 
some sugg<istions as to \fhere |p look to for further Applies or 
as to what regions may disclos^ new oilfieULs. 

•This work w^as ])roject.ed ancf commenced some time ^go, 
but severaUinterrupiions bave delayed its eventual completion 
for ])ublication. This defeement, how(‘ver, has rendered it 
possible to add an Ajjjicndix on “ Gco}>hysical Method! as 
applied to Oil-Kinding,'* by Dr. M. Miihlberg, who lias had the 
advantage of discussing the several asjiects of the subject wifh 
Prof. J. KmiiigsbergeT, and thus of leaving been able to rely 
on the experience of this w’dl-known authority. 

, This iK'.w biandi of ajiplh'd economic science has unquestion- 
ably a future, before, it, and more attention to its devclojiment 
is to be desired in this country ; w'hile already inq^ortant and 
8uccc!ssful results have, in several places, been achieved through 
the d(*ductions made therefrom. Although suitable topo- 
giaf>hical and geological conditions are desirabb for the favour- 
able ap})licathm of some of th :^ geophysical •methods -as. e.r/., 
in the cas(» of tlie gra^itativc methods — it is often just in those 
instances where the requisite* conditions obtain, that exclusively 
g( ological data arc lacking— as in flat country or plains -^and 
that consequently other means of obtaining evidence arc to be. 
desired. 

In conclusion, thanks are due to Mr. R. Bullcn-New’t^n, 
I.S.O., F.G.S., of the British Museum, for assistance given' in 
looking through and criticizing the stratigrajihical portion^ and 
also -in a similar connection to Dr. M. J^^uhlberg, Ph.D. ; 
and, for photogra])hs of yeiies in Alberta, Burma, and Sinai, 
to Mr. A. W. Dingmaii, of Calgary, Major T. R. H. Garrett, 
M.A., F.G.^, and Mr. T. Sutton-Bowinan, B.Sc., F.G.S. ; and, 
lastly, ^to the Publishers, JMcssrs. ^Jnarles Griffin Co,, *Ltd., 
for their assistance, and for uicluding this unpretentious volume 
iivtttcir^lmin^ Scries. 
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C'-HAVTER I. 


INTRODUCTORY. 

Co^TL^TS (l)“A\h}it is Bitiimi'iiV* Stoix' ami Use ol tho Trim 
Petiolrum {uiil the (Joncral Terms used for I ho jjj'meiptd l>eseriplij>n-^ 
of Bitumen in lejj.ird lo Phybieal State -Divort.il\ and Variation ift 
the Cheimeal and IMissicwl L*i*o])erties The (deal Uarhon (Jroiip 
The lUtnniinous and ( 'ai iMm.ieeoiis Senes ot Natne II >tlioe.iil>fiis ^ 
'Idieir Relations and Distinetions 'I’he Noinenelatiins^ Ulassiheaiion, 
and I )etiiuti«ns ol Terms as applied to the Vaiions Foims ot Bitumen 
and Allied Suhstaiiees and the (Vmliision in tiu Terininolouy Table 
oi t;eneral (*la'?»ilieation ot the Native Hydroeai boiis. (2) Availabh' 
Souues ot Sup]i^’ and ImuT'aMin^ Ihunand ’ l)evt*fopnient ot tin* 
JYidustrs and Jnerease in tlic Tv and Numbiu* ot ( V>min(*reiul IVodm ts 
(leiived Iroin Pytrolenm Life and Duration ot eMstin*^ Sup|>Iies, 
and Pios|)e<*tive or Possible Loealities aid Souices of Su]iply for tlio 
J^’utuie Russian Territories- -Other Uoiintues —British Domains - 
Pio^ress in Economie Geoloj^y as applied to Od-njininj' — Appheation 
.ind Development of* ({eophysieal Methods i»i this (^uimstion. f.’l) 
“ Seo])e ot the lolbrninj; (^apter^* ” The Fundamental Primijilc'. ot 
(ieoloftv that need Aequaintanee or Recotrnition. 

(0 What is Bitumen? — Jt was originally thouglit apjtro- 
priiitc to (l(NcrHie the title of this snl)j(*et as dealing with 
tlie geology and occarrenee of ‘‘ bitumen/' this term 
being taken in the geiwTie sense i e., as eoniprising ail 
the •natural hydrocai’ln^fis of the bituminous ^series, 
whether in a solid, a liquid, op a gaseous stat^: fo^the 
study* of the qf‘currence of petroleum is\inse})arab?o 
from that of^hc otlier descrii)tions of bitumeii in*a ^ifTfrciit 
physical comfltion, vfhich are connect^(l with Gr result 
from it, and may alsn give rise to it. 
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Owing to the cii-cuiL.stan€e, honw'ever, that the term 
‘‘ bitumen is used — br misused — with different meanings, 
being often taken to denote only the solid substamses, and 
owing to the consequent ambiguiW, it was thought not 
unlikely that such a titlej flight occasion some i5is- 
eonception a'^ to the t\atur4 of the subject that^is being 
treated. Tliis primai^ly deals ^\ith the occurrenctj (j^ 
]jetrc)leuni, or mineral .oil, ^hieh, from* the stand^lnt 
of economic interest, is t|^e principal variety of bitumen 
I'oncerned, .ilthough it is at the same time necesSarj 
lo consider the other tonus of Ihtumen which are so 
intimately connected ^\ith it. 

The vie^\ is here adopted that the term “ bitumen, 
<ilthough it be used with various and conflicting meanings 
and receives varying delinitions from different authorities, 
shodhl be applied jiroperly in its widest sense, in order 
lo designate' all the natural liydrocarbons of the bitu- 
minous seri(‘s, whetluT in the* solid, the lupiid, or the 
gasecus eoixdition, while the genene sc'iise of the name, 
whieiiis, of course, taken from the J.<atin term ‘ hitninfn^"* 
would seem to be in aceordaiue w ith the tfiu ient or original 
usage of tlie w'ord. 

The teim “ petroleum,” however,^ is not imeommonly 
Used in a generalizc'd manner, to comprise all the sub- 
stances eonneeted wdth it, although this word- -if liter- 
ally interjireted should eorreetly he reserved foil flic 
bitumens in the lujuid state. The tg'im “maltha” 
(taken from the (Ireok word fuiXOa " — which denoted 
a mixture of jiiteh and wax used for caulking si lips f) 
is used to describe those biluii\ehs wliieli are of an feiter- 

* The ct> of the void is somewhat ob^dirc, some havui^ 

tiilmtcd its^iijrin to the Hebiew. as also to the SansLiit, whi^uthcis 
Jiave lak( n M as dLiJ\<d ln)?ii the (iicek “ 'Triairu ])it| h, «>i also from 

TTiT \ ' pine (the leiminatioii ot the word si^nifMii^ ‘ substame " or 
“ inatiMi.sl ' ). 

t The woid was also used b> Pliny to siquity what he des'iibcd as 
“ iiitlamina'.le nui<k’' 
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mediate consistency, •or plfysiccS condition— m also tl^e 
term “mineral tar.'' While, in* order to distinguish 
the solid bitumens, the word “ petrol it o “ has been 
created, as a comprehensive term comprising the several 
varieties. 

It is Tibt possible, however, lu draw any hard and fast 
iuw between the different |or«ns of bitumen on a basis of* 
ph;fsical condftion or properties, such varying a*Md 
merging one into the other, wljile tliei^ are alf gradations 
palsing from the infusible to the readily fusible solid 
bitumens, through the semi-solid and viscous descrip- 
tions — or “ malthas," to liquid i)etroleum, and even 
from oil into gas. 

There is, moreover, much variation ,in the chemical 
properties, as also complexity in tlie composition, of 
the bitumens. They arc thus somewhat difficult of ckissi- 
ficalion, for which purjiose it is necessary to take into 
account a coyibination of both the physical and the 
chemical j)roperi;ies, together with the consideration of 
1 he geological mode of occurrence; although a primary 
division — on a Irjhemical basis — can he demarcated, in 
the# distinction of the j^araffinaceous substances from the 
other bitumems. 

The vast series of nfinerals and compounds in whi(di 
carbon iffays Jhe principal part, as found in the earth, 
are Characterized by much diversity and variability in 
their jjhysical fftid chemical ])roperties, and there are few 
that possess a composition constant enough in order 
to denote a definite mineral species ; so that they have 
for the greater part to be jiCgarded as indefinite admixtures, 
in which carbon, hydrogen, and oxygen are^ the ^hief 
constituents. The carbon groui) may«]|p primarily 
classed as The Pure Carbon Series, %(2) Tflc^ Carbon- 
aceous or Coal Series, and (3) The Bftuminoutf Series — 
the two tas.;-namcd* being mainly tcomjwsed of hydro- 
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(^irboTis ; • and the vari^is iilfembefs of the entire group 
range widely in physical jjroperties — such as hardness 
{ind molecular cohesion, from the hardest known mineral 
(the diamond) to substances whijh are idastic, liqmd, 
and gaseous ; passing thi-oughtgraphitc to*thc coal genes, 
on the one hand, ancl to theibitumen series on flfb other. 
•I’he latter series, howev€«, js eliaracterized by wkiei* 
diversity yi ])hysical conditions, with* a range ftom 
infusilde solids as fiar<l as Jhe coals to viscous substances, 
liquiils, and gases. 

'riuTO is also gradation, through th(‘ infusi})l(' bitiinieiis, 
from the carbonaceous to the bituminous series, and it 
is diflicult to (hunai'cato an exact dividing-line between 
t^iem (some substances (‘xisting ovit which tluTc has 
been controversy as to wludher siudi should be classed 
^is ii^i^oal or as a bitumen). In a general way, however, 
the bitumens are ehmuieally diherentiated troin tlie coals 
l)y h('ii»g e()m])arativ(‘ly rich in bydrog(‘n and sub- 
stantially free fnuu oxygenated b(KU(‘s they also differ 
from tlie (toals by e(>ntaiijing largrr amounts of vofatile 
liydroearbojis. Imbued, the bitumiiiofts series, as a 
whole, is cliaracie]*i'/ed by the greater diversity and raiiige 
in physical |)roT[iei'ties presented by its various memberH. 
Tlu' coals, moreover, have as a rul<* higlier specitie gravities 
than those pf)ssessed by the various descriptions of solid 
bitumens, while tIu'V are also less uniform in composflioii. 
Hut, lieri^ again, tlie geological nuale of «oc.cuiTence and 
the origin afford the *most im])ortant indications for 
distinction. 

llic^ subject of tlu‘ uonumclaturo of the various fT)rms 
of bituimju aiul the classification of tlu*^ bituminous 
series, In wriich so much confusion and ambiguity has 
arisep, i<s lurthei dealt with in the concluding chapter 
of this \Vork wlibri' the solid bitu^nens aie cojisidercdf 
only hrief^allusivm bcViig now made tt) it. 
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The name aspliaR (dbrivitl from the CJ^ieek word 
a<T0aXToc'’* — originally used tcT describe the occur- 
rences •of asphalt in the neiglibourhood of Babylon) is 
ai]pther term which i^ emjJoyed with several meanings, 
and has bccorite ambiguoi^s.t Thus, it is sometimes used 
to desdWbe “ impregnations " of bitunuMi, in rocks or 
^leposits, or mixtures w^^th#somc amount of inincrak 
matter, in contradistinction to ihose forms of bituiAeu 
that occur in a purer conditioii with comparatively little 
intermixture of mineral matter - such as the high-grade 
native bitumens. Sonu' investigators, how(‘V(T, have 
a^lopted a difTerentiation dependent on the fusing-])oiiit, 
and class under the term “ as])halt *' the bitumens 
(excluding “ ozokerite and those (‘ontaining paraflins) 
of comparatively low melting-point (say, less than 
250"^ F.), as also the viscous and semi-liquid d(‘scrip>ions^. 
(To those that have a high fusing-])(>int fhe name' of 
“ asphalt ites ” has been given.) Again, in cornnuTcial 
usage the wor(U“ asphalt ’ has come to imply tlu‘ arti- 
ficial commodity. The expr(‘Ssio]i ‘'as]>halt,” mon^over, 
is also sometiifies used in ord(T to impart a ch(‘mical 
significance, as a generic title to dilferentiate tlu* non- 
jiaraffinaccous bitutnens from those containing ])arafliijs 
(%Mch as “ ozokerite ” {^nd the oils of a ‘‘ paraJlin base ”). 

^ The writer* however, })rcfers a distinct if>M based on 
the*geological mode of occurrence or formation, in the 
employment of the word, and to use the term ‘ as])halt ” 
for the bitumens accumulated ^)n, or arising from in- 
spissation (as from seepages) at tin' surfac(*, as dis- 
tinguished from those f|)rms of bitunuai that have been 
^Icposited {^nd solidified witMn the rocks bglow ^as in 
fissures or veiiks), and that arc of su})t^gj%nean origin. 
The bitumen of the former category is«often fn^ich^ inter- 
mixed with minera! matter, or occiTrs in thfi form of 
• • 

* The Greek wcjrd has in turn in he ol JMueiiirian origin. 
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ijapregnaldons, and is fhore generally of a low fuajpg- 
point — if not in a Viscous, or semi-liquid condition. 
While the latter descriptions, on the other hand) Usually 
occur in a purer state or consist ^f more or less higji- 
grade bitumens, which we I often of a fcgh fusibility, 
some types being infusible. 

Some distinguishing title is \^anting in order to embracop 
all* the vcg^ietics of salid bitumen belonging to \he 
latter category, or the so-called " native bitumens 
(although the term ‘‘ meta-asphalt was suggested, ^^y 
Dr, Taylor of [Philadelphia, a long time ago for this 
I)uri)()sc, but does not seem to have since come int(i 
use).* 

^Tlie descrq)! i«ns of solid bitumens having a high 
fusing-point (over 250° F.), as represented by “ gilsonite,'* 

glaillice-pitch,"’ or “ manjak,” and grahamite,"" have 
by some been termed, and classed under the title of, 
“ asplialtiies,’' while the infusible ty))es, ^vs principally 
represented by “ wurtzilite,"’ “ elaterito,’’ ‘‘ albertite,'" 
and “ irnpsonite,'’ have beeji described under the titJe 
of “asphaltic ])yrobituinens/" but the dse of the term 
“ ])>Toi)itumen ” in the descrij)tion of such bitumens? is 
somewhat uuderirable (as tending to«-confusion with the 
pyrobitumeus proper, l)elonging fo a different sericwS of 
minerals and comprising the coals, shales, ate.), althougji 
they may be regarded as affording a conneoting-^ink 
between the bitumens aiid tlie ])yrobitiim{ns. The term 
of “ kcritc ” lias been {Applied to those solid bitumens 
that are insoluble in carbon displphide, but these are 
more or loss the counterpart of tb-e infusible tyj^es. 

Tluj vipi^bility and gradation in jihysical and chemical 
pr(^perties t>grthcr with the circumstances that some 

The terifr “ l>itunicn\'te ” is suggested for this distinction (^iUhough 
this name was used by Prof. Traill in 1853 to <Jeseril)e “ torbanite,” byt 
baa not l8?en ojntiuue/l for tilut use). 
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bitumens more closely rolrffced ki chemical cqjnposition 
differ more widety in physical properties, and vice versa^ 
render •these substances difficult of classification. It is, 
therefore, expedient for the purpos^e of classifying them, 
to t^ke together the salient • physical and chemical 
charactbfistics — as, e./;., fusibility, specific gravity, pcr- 
teemtage of fixed carbon, and solubility, in conjunctioin, 
also with consideration of the geological mode of occur- 
rence and formation — making a dilforentiafion at thc^ 
outset on the last-named basis, according to the manner 
above described, i.e., as common superficial asphalt or 
otherwise. Although the substances containing paraffins 
— ozokerite and the mineral waxes- admit, on a chemical 
basis, of being separated into another primary division. 

• A differentiation based on the fusing-point, as betwetMi 
asphalt and asphaltite "" and the types of the latter, 
does not comply with the geological modes at. ocKnirrencc, 
more especially as in many cases of the occurrence of 
pure bitumens •in scams and veins the fusing-point of 
the substance decreases with depth, so that the* fusi 
bility at lower levels may have become that which would 
bemused to define the substance as an asphalt. 

Sometimes the terms “ pitch and tar ” are used 
t4> describe natural l^tumens, but these words should 
j>roperly apply to the products of destructive distillation ; 
although there is not any objection to the employment 
of the express*ions ‘‘ mineral pitch and “ mineral tar ’ 
for solid bitumens and “ malt^ias respectively, while 
the^ term “ glance-pi^ch ” is used to dcnot(‘ certain 
varieties of solid bitumen. 

The w'Oi;d “ naphtha ’’ is Unother nann^ ^hat is used 
somfew^hat vaguely, and wdth different Tifa^nings. li is 
often emj^oyed to denote benzine oit i)etr^fl< 4 um^ spirit, 
but is presumably derived from the G\cek word vifl>Qa ” 
-^r the similar Latin word, which signified pative oil or 
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14it* rr>bitiiin(‘ii^ iiiclwd*' tliL* C'oul'i tt»(irtlu'r with tho lu soiiic cLiir'iiitications, however, 

the iiitiisihlo solid hitiiineiis, or “ a>phaltif' pyrohitunions/’ they have been termed, are placed iiuder the Pyro- 
bitumens," although these substances are obviou-lv— ]>v reason of their mode of occurrence apd orsin— more allied 
to amen than to the coaN. 
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petroleum, while the Russian word for crude oil^s derived 
from the same root (as likewise the Arabic and I'ersian 
** iiaft '*). 

Jji conclusion, “ Bitumen may be broadly clasw^ified 
as in the table on the prex^ofis pTige. 

Fiualfy, the question frequently arises as U) whether 
bitumen can be ^lenominatod a*n\iiferal or not. Accordijig 
to tlie restricted definitions put fcfrward by miinera legists, 
it x^'ould not rank as a mineral], although laial has (by 
courtesy) received that title. But, if it be not a mineral, 
wjiat should it be called ? or under what name can it 
be designated in a general xvay ^ 'riio substances of 
which the Earth’s crust is constituted are citlua- rocks, 
minerals, or the imbedded and petrified ^>rganic remaiiw 
known as fossils. Bitumen in itself, except in tlie form 
of the impure asplialtic intermixed deposit® and nx^k-* 
impregnations, could not very readily Ix^ look(‘d ujK)n 
as a rock, and is jieither of sedim(‘iitary origin nor a 
mhieral or crystalline aggregate : while, {dthongh of 
organic origin, it^conld not well be d(*tined as a “ fossil 

being a product of a cbernicjtl process and a(dion, 
with subsequent migration and metamorphosis ; but 
crtal might mon* reasbnably be regarded as a fossil. 

M, therefore, coal is ranked as a mineral, bitumen has 
m^^*e claim to« be tirmed such-- evc^n thougli often of 
indefinite or unstable comjmsition. At any rate, it 
should bo regarded as an economic mineral, as 
should the winning of ]Mdrolc‘um or bitumen, whether 
solid, ^ liquid, or gaseous, be regarded as a})pf‘rtaining 
to a branch of mining. 

(2) Availal^e Sources of Supply and Increasing Demand. 

The last qutyter of a ceniiiry has wit^^iesscd a JenStirk- 
ablc and accelerating ^advance in the use of the various 
jiroduets and commodities derived from bitunibn, more 
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As the title suggests, this handbook is elementary in character, 
an^the main object is to ftrnish an oijtline of the general features 
concerning, the occurrence and^gAlogy ;)f petroleum or bitumen, 

• in a condensed manner, and witl especial reference to practical 
intcfest in the hope that it jnsfy so we as an introduction to 
thos? desiring to become acquainted with the subject (or studehts 
in oil-geology), and that it may also be of ^ome interest to the 
large class who are concerned in “its economic or commercial 
aspects. 

The exigencies of the present day «dtnnand the expeditious 
summing up of the prosjiects as to projK^rties or oilfields, in 
order either to coinmenco o})erations without delay, or to cut 
the expenditure with a minimum of loss -in cases where the 
prospects are not of sufficient promise to w'arrant further outla/J 
Instances are many where much detailed exploratory work 
and ])rotracted and elaborate* geological surveys, ^onductetil in* 
unpromising areas, have, after much expenditure, only led to 
disap] )oiiiting or negative results (although much of sci(*ntific 
" interest may have^ been gained), while costly exp,editions have 
been#- dispatched to regions concerning which the information 
already available is 8uffi(’-ient to indicate that there can Ixj but 
small ho])e of a successful issue. In addition, drilling is often 
carried out in hopeless ground and many companies l]oate«l on 
Ixdialf of evidently vaUiel(*ss lands. These circiifnslanc(*s suggest 
that the present attempt U' nieet the ncc<ls of tin* non-sj)Ccialist 
mSy not be altogether unacceptable. 

The discussion herein is limited to th(^ mon* perrinent theo- 
retical (]uestions and ])ractica] consrderations, or the general 
topics of interest? and, whore possible, is illustrated by reference 
to known examples in the field. HScourse has naturally been 
mad(^ to, and much information derived from, the various works 
and ipapers bearing on <lie subject, but, as refererfl'/Cs to such 
have been made by means Sf footnotes to the text, it has not 
been^ deemed ruecessary to enumerate them here ; althougl;^ the 
materials and the*views expre.s.sed are also founds! on. }>ersofftil 
observations^ and studies made in various B^gions^'durinsr two 
•decades. 

The parf. dh cussing,, the origin wras, in substance, originally 
published in the form of a paper apf)earing in Mining 

V 



VI 


PREFACE. 


McufazbieJ^in 1920), althoiigh, an now presented, it has received 
modifications and additions. The short sketch, appearing in 
the Introductory chapter (§ 2), that relates to the available 
sourc(j8 of supply, is largely derived from an article (also by the 
writer) that was published some ye^s ago in the Acade§fiy, 
This is, nevertheless, now*incl»dgd, as it may perhaps |^ad to 
some sugg<istions as to \fhere |p look to for further Applies or 
as to what regions may disclos^ new oilfieULs. 

•This work w^as ])roject.ed ancf commenced some time ^go, 
but severaUinterrupiions bave delayed its eventual completion 
for ])ublication. This defeement, how(‘ver, has rendered it 
possible to add an Ajjjicndix on “ Gco}>hysical Method! as 
applied to Oil-Kinding,'* by Dr. M. Miihlberg, who lias had the 
advantage of discussing the several asjiects of the subject wifh 
Prof. J. KmiiigsbergeT, and thus of leaving been able to rely 
on the experience of this w’dl-known authority. 

, This iK'.w biandi of ajiplh'd economic science has unquestion- 
ably a future, before, it, and more attention to its devclojiment 
is to be desired in this country ; w'hile already inq^ortant and 
8uccc!ssful results have, in several places, been achieved through 
the d(*ductions made therefrom. Although suitable topo- 
giaf>hical and geological conditions are desirabb for the favour- 
able ap})licathm of some of th :^ geophysical •methods -as. e.r/., 
in the cas(» of tlie gra^itativc methods — it is often just in those 
instances where the requisite* conditions obtain, that exclusively 
g( ological data arc lacking— as in flat country or plains -^and 
that consequently other means of obtaining evidence arc to be. 
desired. 

In conclusion, thanks are due to Mr. R. Bullcn-New’t^n, 
I.S.O., F.G.S., of the British Museum, for assistance given' in 
looking through and criticizing the stratigrajihical portion^ and 
also -in a similar connection to Dr. M. J^^uhlberg, Ph.D. ; 
and, for photogra])hs of yeiies in Alberta, Burma, and Sinai, 
to Mr. A. W. Dingmaii, of Calgary, Major T. R. H. Garrett, 
M.A., F.G.^, and Mr. T. Sutton-Bowinan, B.Sc., F.G.S. ; and, 
lastly, ^to the Publishers, JMcssrs. ^Jnarles Griffin Co,, *Ltd., 
for their assistance, and for uicluding this unpretentious volume 
iivtttcir^lmin^ Scries. 
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INTRODUCTORY. 

Co^TL^TS (l)“A\h}it is Bitiimi'iiV* Stoix' ami Use ol tho Trim 
Petiolrum {uiil the (Joncral Terms used for I ho jjj'meiptd l>eseriplij>n-^ 
of Bitumen in lejj.ird lo Phybieal State -Divort.il\ and Variation ift 
the Cheimeal and IMissicwl L*i*o])erties The (deal Uarhon (Jroiip 
The lUtnniinous and ( 'ai iMm.ieeoiis Senes ot Natne II >tlioe.iil>fiis ^ 
'Idieir Relations and Distinetions 'I’he Noinenelatiins^ Ulassiheaiion, 
and I )etiiuti«ns ol Terms as applied to the Vaiions Foims ot Bitumen 
and Allied Suhstaiiees and the (Vmliision in tiu Terininolouy Table 
oi t;eneral (*la'?»ilieation ot the Native Hydroeai boiis. (2) Availabh' 
Souues ot Sup]i^’ and ImuT'aMin^ Ihunand ’ l)evt*fopnient ot tin* 
JYidustrs and Jnerease in tlic Tv and Numbiu* ot ( V>min(*reiul IVodm ts 
(leiived Iroin Pytrolenm Life and Duration ot eMstin*^ Sup|>Iies, 
and Pios|)e<*tive or Possible Loealities aid Souices of Su]iply for tlio 
J^’utuie Russian Territories- -Other Uoiintues —British Domains - 
Pio^ress in Economie Geoloj^y as applied to Od-njininj' — Appheation 
.ind Development of* ({eophysieal Methods i»i this (^uimstion. f.’l) 
“ Seo])e ot the lolbrninj; (^apter^* ” The Fundamental Primijilc'. ot 
(ieoloftv that need Aequaintanee or Recotrnition. 

(0 What is Bitumen? — Jt was originally thouglit apjtro- 
priiitc to (l(NcrHie the title of this snl)j(*et as dealing with 
tlie geology and occarrenee of ‘‘ bitumen/' this term 
being taken in the geiwTie sense i e., as eoniprising ail 
the •natural hydrocai’ln^fis of the bituminous ^series, 
whether in a solid, a liquid, op a gaseous stat^: fo^the 
study* of the qf‘currence of petroleum is\inse})arab?o 
from that of^hc otlier descrii)tions of bitumeii in*a ^ifTfrciit 
physical comfltion, vfhich are connect^(l with Gr result 
from it, and may alsn give rise to it. 
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Owing to the cii-cuiL.stan€e, honw'ever, that the term 
‘‘ bitumen is used — br misused — with different meanings, 
being often taken to denote only the solid substamses, and 
owing to the consequent ambiguiW, it was thought not 
unlikely that such a titlej flight occasion some i5is- 
eonception a'^ to the t\atur4 of the subject that^is being 
treated. Tliis primai^ly deals ^\ith the occurrenctj (j^ 
]jetrc)leuni, or mineral .oil, ^hieh, from* the stand^lnt 
of economic interest, is t|^e principal variety of bitumen 
I'oncerned, .ilthough it is at the same time necesSarj 
lo consider the other tonus of Ihtumen which are so 
intimately connected ^\ith it. 

The vie^\ is here adopted that the term “ bitumen, 
<ilthough it be used with various and conflicting meanings 
and receives varying delinitions from different authorities, 
shodhl be applied jiroperly in its widest sense, in order 
lo designate' all the natural liydrocarbons of the bitu- 
minous seri(‘s, whetluT in the* solid, the lupiid, or the 
gasecus eoixdition, while the genene sc'iise of the name, 
whieiiis, of course, taken from the J.<atin term ‘ hitninfn^"* 
would seem to be in aceordaiue w ith the tfiu ient or original 
usage of tlie w'ord. 

The teim “ petroleum,” however,^ is not imeommonly 
Used in a generalizc'd manner, to comprise all the sub- 
stances eonneeted wdth it, although this word- -if liter- 
ally interjireted should eorreetly he reserved foil flic 
bitumens in the lujuid state. The tg'im “maltha” 
(taken from the (Ireok word fuiXOa " — which denoted 
a mixture of jiiteh and wax used for caulking si lips f) 
is used to describe those biluii\ehs wliieli are of an feiter- 

* The ct> of the void is somewhat ob^dirc, some havui^ 

tiilmtcd its^iijrin to the Hebiew. as also to the SansLiit, whi^uthcis 
Jiave lak( n M as dLiJ\<d ln)?ii the (iicek “ 'Triairu ])it| h, «>i also from 

TTiT \ ' pine (the leiminatioii ot the word si^nifMii^ ‘ substame " or 
“ inatiMi.sl ' ). 

t The woid was also used b> Pliny to siquity what he des'iibcd as 
“ iiitlamina'.le nui<k’' 
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mediate consistency, •or plfysiccS condition— m also tl^e 
term “mineral tar.'' While, in* order to distinguish 
the solid bitumens, the word “ petrol it o “ has been 
created, as a comprehensive term comprising the several 
varieties. 

It is Tibt possible, however, lu draw any hard and fast 
iuw between the different |or«ns of bitumen on a basis of* 
ph;fsical condftion or properties, such varying a*Md 
merging one into the other, wljile tliei^ are alf gradations 
palsing from the infusible to the readily fusible solid 
bitumens, through the semi-solid and viscous descrip- 
tions — or “ malthas," to liquid i)etroleum, and even 
from oil into gas. 

There is, moreover, much variation ,in the chemical 
properties, as also complexity in tlie composition, of 
the bitumens. They arc thus somewhat difficult of ckissi- 
ficalion, for which purjiose it is necessary to take into 
account a coyibination of both the physical and the 
chemical j)roperi;ies, together with the consideration of 
1 he geological mode of occurrence; although a primary 
division — on a Irjhemical basis — can he demarcated, in 
the# distinction of the j^araffinaceous substances from the 
other bitumems. 

The vast series of nfinerals and compounds in whi(di 
carbon iffays Jhe principal part, as found in the earth, 
are Characterized by much diversity and variability in 
their jjhysical fftid chemical ])roperties, and there are few 
that possess a composition constant enough in order 
to denote a definite mineral species ; so that they have 
for the greater part to be jiCgarded as indefinite admixtures, 
in which carbon, hydrogen, and oxygen are^ the ^hief 
constituents. The carbon groui) may«]|p primarily 
classed as The Pure Carbon Series, %(2) Tflc^ Carbon- 
aceous or Coal Series, and (3) The Bftuminoutf Series — 
the two tas.;-namcd* being mainly tcomjwsed of hydro- 
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(^irboTis ; • and the vari^is iilfembefs of the entire group 
range widely in physical jjroperties — such as hardness 
{ind molecular cohesion, from the hardest known mineral 
(the diamond) to substances whijh are idastic, liqmd, 
and gaseous ; passing thi-oughtgraphitc to*thc coal genes, 
on the one hand, ancl to theibitumen series on flfb other. 
•I’he latter series, howev€«, js eliaracterized by wkiei* 
diversity yi ])hysical conditions, with* a range ftom 
infusilde solids as fiar<l as Jhe coals to viscous substances, 
liquiils, and gases. 

'riuTO is also gradation, through th(‘ infusi})l(' bitiinieiis, 
from the carbonaceous to the bituminous series, and it 
is diflicult to (hunai'cato an exact dividing-line between 
t^iem (some substances (‘xisting ovit which tluTc has 
been controversy as to wludher siudi should be classed 
^is ii^i^oal or as a bitumen). In a general way, however, 
the bitumens are ehmuieally diherentiated troin tlie coals 
l)y h('ii»g e()m])arativ(‘ly rich in bydrog(‘n and sub- 
stantially free fnuu oxygenated b(KU(‘s they also differ 
from tlie (toals by e(>ntaiijing largrr amounts of vofatile 
liydroearbojis. Imbued, the bitumiiiofts series, as a 
whole, is cliaracie]*i'/ed by the greater diversity and raiiige 
in physical |)roT[iei'ties presented by its various memberH. 
Tlu' coals, moreover, have as a rul<* higlier specitie gravities 
than those pf)ssessed by the various descriptions of solid 
bitumens, while tIu'V are also less uniform in composflioii. 
Hut, lieri^ again, tlie geological nuale of «oc.cuiTence and 
the origin afford the *most im])ortant indications for 
distinction. 

llic^ subject of tlu‘ uonumclaturo of the various fT)rms 
of bituimju aiul the classification of tlu*^ bituminous 
series, In wriich so much confusion and ambiguity has 
arisep, i<s lurthei dealt with in the concluding chapter 
of this \Vork wlibri' the solid bitu^nens aie cojisidercdf 
only hrief^allusivm bcViig now made tt) it. 
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The name aspliaR (dbrivitl from the CJ^ieek word 
a<T0aXToc'’* — originally used tcT describe the occur- 
rences •of asphalt in the neiglibourhood of Babylon) is 
ai]pther term which i^ emjJoyed with several meanings, 
and has bccorite ambiguoi^s.t Thus, it is sometimes used 
to desdWbe “ impregnations " of bitunuMi, in rocks or 
^leposits, or mixtures w^^th#somc amount of inincrak 
matter, in contradistinction to ihose forms of bituiAeu 
that occur in a purer conditioii with comparatively little 
intermixture of mineral matter - such as the high-grade 
native bitumens. Sonu' investigators, how(‘V(T, have 
a^lopted a difTerentiation dependent on the fusing-])oiiit, 
and class under the term “ as])halt *' the bitumens 
(excluding “ ozokerite and those (‘ontaining paraflins) 
of comparatively low melting-point (say, less than 
250"^ F.), as also the viscous and semi-liquid d(‘scrip>ions^. 
(To those that have a high fusing-])(>int fhe name' of 
“ asphalt ites ” has been given.) Again, in cornnuTcial 
usage the wor(U“ asphalt ’ has come to imply tlu‘ arti- 
ficial commodity. The expr(‘Ssio]i ‘'as]>halt,” mon^over, 
is also sometiifies used in ord(T to impart a ch(‘mical 
significance, as a generic title to dilferentiate tlu* non- 
jiaraffinaccous bitutnens from those containing ])arafliijs 
(%Mch as “ ozokerite ” {^nd the oils of a ‘‘ paraJlin base ”). 

^ The writer* however, })rcfers a distinct if>M based on 
the*geological mode of occurrence or formation, in the 
employment of the word, and to use the term ‘ as])halt ” 
for the bitumens accumulated ^)n, or arising from in- 
spissation (as from seepages) at tin' surfac(*, as dis- 
tinguished from those f|)rms of bitunuai that have been 
^Icposited {^nd solidified witMn the rocks bglow ^as in 
fissures or veiiks), and that arc of su})t^gj%nean origin. 
The bitumen of the former category is«often fn^ich^ inter- 
mixed with minera! matter, or occiTrs in thfi form of 
• • 

* The Greek wcjrd has in turn in he ol JMueiiirian origin. 
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ijapregnaldons, and is fhore generally of a low fuajpg- 
point — if not in a Viscous, or semi-liquid condition. 
While the latter descriptions, on the other hand) Usually 
occur in a purer state or consist ^f more or less higji- 
grade bitumens, which we I often of a fcgh fusibility, 
some types being infusible. 

Some distinguishing title is \^anting in order to embracop 
all* the vcg^ietics of salid bitumen belonging to \he 
latter category, or the so-called " native bitumens 
(although the term ‘‘ meta-asphalt was suggested, ^^y 
Dr, Taylor of [Philadelphia, a long time ago for this 
I)uri)()sc, but does not seem to have since come int(i 
use).* 

^Tlie descrq)! i«ns of solid bitumens having a high 
fusing-point (over 250° F.), as represented by “ gilsonite,'* 

glaillice-pitch,"’ or “ manjak,” and grahamite,"" have 
by some been termed, and classed under the title of, 
“ asplialtiies,’' while the infusible ty))es, ^vs principally 
represented by “ wurtzilite,"’ “ elaterito,’’ ‘‘ albertite,'" 
and “ irnpsonite,'’ have beeji described under the titJe 
of “asphaltic ])yrobituinens/" but the dse of the term 
“ ])>Toi)itumen ” in the descrij)tion of such bitumens? is 
somewhat uuderirable (as tending to«-confusion with the 
pyrobitumeus proper, l)elonging fo a different sericwS of 
minerals and comprising the coals, shales, ate.), althougji 
they may be regarded as affording a conneoting-^ink 
between the bitumens aiid tlie ])yrobitiim{ns. The term 
of “ kcritc ” lias been {Applied to those solid bitumens 
that are insoluble in carbon displphide, but these are 
more or loss the counterpart of tb-e infusible tyj^es. 

Tluj vipi^bility and gradation in jihysical and chemical 
pr(^perties t>grthcr with the circumstances that some 

The terifr “ l>itunicn\'te ” is suggested for this distinction (^iUhough 
this name was used by Prof. Traill in 1853 to <Jeseril)e “ torbanite,” byt 
baa not l8?en ojntiuue/l for tilut use). 
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bitumens more closely rolrffced ki chemical cqjnposition 
differ more widety in physical properties, and vice versa^ 
render •these substances difficult of classification. It is, 
therefore, expedient for the purpos^e of classifying them, 
to t^ke together the salient • physical and chemical 
charactbfistics — as, e./;., fusibility, specific gravity, pcr- 
teemtage of fixed carbon, and solubility, in conjunctioin, 
also with consideration of the geological mode of occur- 
rence and formation — making a dilforentiafion at thc^ 
outset on the last-named basis, according to the manner 
above described, i.e., as common superficial asphalt or 
otherwise. Although the substances containing paraffins 
— ozokerite and the mineral waxes- admit, on a chemical 
basis, of being separated into another primary division. 

• A differentiation based on the fusing-point, as betwetMi 
asphalt and asphaltite "" and the types of the latter, 
does not comply with the geological modes at. ocKnirrencc, 
more especially as in many cases of the occurrence of 
pure bitumens •in scams and veins the fusing-point of 
the substance decreases with depth, so that the* fusi 
bility at lower levels may have become that which would 
bemused to define the substance as an asphalt. 

Sometimes the terms “ pitch and tar ” are used 
t4> describe natural l^tumens, but these words should 
j>roperly apply to the products of destructive distillation ; 
although there is not any objection to the employment 
of the express*ions ‘‘ mineral pitch and “ mineral tar ’ 
for solid bitumens and “ malt^ias respectively, while 
the^ term “ glance-pi^ch ” is used to dcnot(‘ certain 
varieties of solid bitumen. 

The w'Oi;d “ naphtha ’’ is Unother nann^ ^hat is used 
somfew^hat vaguely, and wdth different Tifa^nings. li is 
often emj^oyed to denote benzine oit i)etr^fl< 4 um^ spirit, 
but is presumably derived from the G\cek word vifl>Qa ” 
-^r the similar Latin word, which signified pative oil or 
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14it* rr>bitiiin(‘ii^ iiiclwd*' tliL* C'oul'i tt»(irtlu'r with tho lu soiiic cLiir'iiitications, however, 

the iiitiisihlo solid hitiiineiis, or “ a>phaltif' pyrohitunions/’ they have been termed, are placed iiuder the Pyro- 
bitumens," although these substances are obviou-lv— ]>v reason of their mode of occurrence apd orsin— more allied 
to amen than to the coaN. 
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petroleum, while the Russian word for crude oil^s derived 
from the same root (as likewise the Arabic and I'ersian 
** iiaft '*). 

Jji conclusion, “ Bitumen may be broadly clasw^ified 
as in the table on the prex^ofis pTige. 

Fiualfy, the question frequently arises as U) whether 
bitumen can be ^lenominatod a*n\iiferal or not. Accordijig 
to tlie restricted definitions put fcfrward by miinera legists, 
it x^'ould not rank as a mineral], although laial has (by 
courtesy) received that title. But, if it be not a mineral, 
wjiat should it be called ? or under what name can it 
be designated in a general xvay ^ 'riio substances of 
which the Earth’s crust is constituted are citlua- rocks, 
minerals, or the imbedded and petrified ^>rganic remaiiw 
known as fossils. Bitumen in itself, except in tlie form 
of the impure asplialtic intermixed deposit® and nx^k-* 
impregnations, could not very readily Ix^ look(‘d ujK)n 
as a rock, and is jieither of sedim(‘iitary origin nor a 
mhieral or crystalline aggregate : while, {dthongh of 
organic origin, it^conld not well be d(*tined as a “ fossil 

being a product of a cbernicjtl process and a(dion, 
with subsequent migration and metamorphosis ; but 
crtal might mon* reasbnably be regarded as a fossil. 

M, therefore, coal is ranked as a mineral, bitumen has 
m^^*e claim to« be tirmed such-- evc^n thougli often of 
indefinite or unstable comjmsition. At any rate, it 
should bo regarded as an economic mineral, as 
should the winning of ]Mdrolc‘um or bitumen, whether 
solid, ^ liquid, or gaseous, be regarded as a})pf‘rtaining 
to a branch of mining. 

(2) Availal^e Sources of Supply and Increasing Demand. 

The last qutyter of a ceniiiry has wit^^iesscd a JenStirk- 
ablc and accelerating ^advance in the use of the various 
jiroduets and commodities derived from bitunibn, more 



10 OCCTOREirCE AND GEOLOGY OF PETROLEUM. 


especially petroleum.^ In the firSt place, there ajose 
the large and increasing demand for the lighter fractions, 
or the products of low volatility, occasioned l3y the 
requirements of light-oil engines, motors. The heayer 
X>roducts have also beeti st)ilght in rajndly increasing 
quantities for the purpose of steam-raising in tlie form 
'‘of, liquid fuel (which has •be«n found tp possess niftny 
X)oints of ♦luperioiaty cPvcr coal), and presents esi)ecial 
advantagtJ in the case of ifaval vessels (particularly wjien 
on active service). Later, the use of the heavier oils has 
been extended by tho advent of the heavy-oil enginp, 
notably by that of the Diesel type. 

Moreover, in consequence of the increasing require- 
ments of machiliory, its well as the i)rogress of railway- 
buikling, lubricating oils have become increasingly 
•needed, and such lubricants are mainly derived from the 
heavier ju'oduots of ])etroleum. In addition, many other 
products of essential imi)ortance have •])een in ever- 
increasing demand. Among such mify be mentioned 
paraflin wax, ceresiri, and vaseline, as well as the various 
miscellaneous products or by-x)roducts ~ such as, among 
others, the “ okonite, " obtained from the residue in 
reliiiing ozokerite, which substancS is extensively em- 
ployed as an insulator ; also “Tieel-ball,"’ and “ carkon 
black ” (the latter being obtainable from natural gas 
as well as oil). 

With this large expansion in use, it appeared at one 
time not unlikely that the demand for i)etroleum might 
outstrip the supx)ly, at the present rate of x)rodu 5 tion ; 
and Consequently anxious eiuftiiries have from time to 
^mc bf ed i^ade with reference to the quantities available 
in varufu^ X)arts of the world, and as tt) tli|! duration of 
exisfin^ supplies^ while doubts hjjve bee|i exi^ressed gi 
some^ (piart(‘rs^ that suflReient petrpleum exists in order 
to meet 'future requirements. Many persons, including 
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emijient authorities, h^ve opined Jhat the possibib siipplioii 
must soon prove insufficient, and that the existing stores 
of petr6leum cannot last very long ; there was, in fact, 
noj^ so long a^o, wh^t might be called a “ scare " in 
regard to the sources of petroleum for the future— n- 
minisceit* of the coal scare of many years ago. 

• Br. Eljigler wag reported t4> lAve ffieniioned one hundred 
years as the piobable duration of the^ivailabV' siijijilieft, 
whije another well-known autiiority has computed th(* 
“ oil age as not much longer than half a century. If 
it^ were necessary to depend onl>; on existing supplies, 
then there might be some ground for a])])rehension in 
that direction, although the majority of the existing 
oilfields are capable of mucli extension * in many eas(‘¥ 
vertically as well as laterally. A glance, howi»ver^ at 
the map of the world should suffice to dispel s*ich gloomy^ 
prognostications as to the future, and to show that 
there is much*»cope for further d(5velopments and ]>ossi- 
bilit^^ of future discovery. On taking into account tlu' 
relative smallness of the areas which havc^ been already 
prospected, and the still smaller areas that have Ixhui 
actuully tested by borings, the vast une.^)lored regions 
where conditions favourable for the ])resenc('. of petroleum 
may prevail, as also t&ose where the ])liysiographieal 
fes^tures appear to indicate favourable cojidiiions, it 
will at once bo apparent that the existing oilfields, and, 
indeed, all the regions that lusvo been explored for 
petroleum, represent but a small proportion of tlie 
territories that may be^capable of ])roduci?ig oil. Tlu‘ 
science of oil-finding, moreover, is still comparatively 
in its infancy. With the advance of this kftowlodgt;;^ 
as welt as tb|i sp/ead of civilization, and tlib eyi>9C(pient 
extension of tlip facilities of transpr)rt variousjegions, 
it is not improbable tl^at considerable stores of petroleum, 
previously unjknown, may eventiiany*beeome a\'ailaf)le. 
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If Russia alone bq considered, it is evident that the 
districts where iietroleum is, at the present time, known 
to occur, represent, iu all probability, but a very small 
fraction of those regions that may the capable of cont^- 
ing commercially valiiabte dejiftsits. The belts of Tertiary 
strata which flank the Caucasus on each side w^ere mostly 
formed under conditions suitable for the occuri:en(^(!l cS 
])etroleuin,»and it is highly prob*able that conditions and 
formations favourable for fts accumulation may be present 
in many localities - other than those where it has already 
1)0(511 found- in either* of these zones. Moreover, strata 
of earlier age (c.j/., Cretaceous) also show in several parts 
of this region a jietroliferous character, and may eventu- 
««lly prove to t>e productive. The distance from the 
(Uspian Sea to the Black Sea is some 550 miles*; 
•wdiile the •northern Tertiary belt extends much far- 
ther westwards as far as the Crimea; also, for a 
considerable distance northwards, to Mic vicinity of 
Stavropol. 

So far, the localities where petroleinn has been dis- 
covered or exploited in this region are comparatively 
few iuid wkU'by' scjiarated ; for instance, besides Baku 
and some few other localities iu the vicinity of the Caspia’n 
Sea, these are principally re])resented by Grozny'’, Mail^op, 
Taman, and Kertch, on the m^rth, and Chatma t^id 
Naphtalan on the soutli, of the main range ol the 
( Wcasus. 

Then, again, the basin surrounding the Caspian Sea 
appears to contain, for the j|reater part, coiRytions 
favoift'able for the presence of* i)etroliferous formations, 
spve> for tlij few interspersed areas, where igneous rocks 
or crysti\]lm^ limestones occur. Up •to ^he present, 
bt5si(tes l^aku on ^he west, the prolific islai^l of Tehelekc^ 
on the east, and the more extensivij Ural Caspian district 
on tfie iiprth-east~ where eommercial deppsits of Pre- 
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Tertiary age are found, compafativcly little •iias beog 
cxproited or even explored in these regions. 

Furtkermore, the large region of Transcaspia should 
contain extensive forigiations whieli may reasonably be 
believed to be,* in some pjwljfe, oi a petroliferous nature, 
while up^o the present nothing has been done betwee^n 
tfie» neighbourhood of the islfwul ®f T(*he]eken, with tlie 
adjacent portion of the mainlaiid, and l<\‘j;ghana, *iii 
Eastern Turkestan, some 950» miles away to the east, 
or between the latitude of that line and the Persian 
frontier ; further, the basin of the Aral Sea and tlu‘ 
neighbouring territories are as yet un])n)spected, ajid 
these may be j)rodactive of some (‘omrnercially irujua tanl 
results. 

• Farther northwards, there is tlie extensive region 
situated in the basin of the Volga, wluTe tljero •arc*, 
numerous, although somewhat widely separated, indi- 
cations of petroleum, and some yic'ld may ])robabJy 
in the future betobtained from sections of'this region. 
Farllicr north again, in the district of l-chia, still oidej* 
strata, of Devonian age, are found to be petroliferous, 
where some exidoiting operations have already b(^en 
started with success. 

'Jhus, in Russian tenltory alone, even leaving out of 
account the va^t and little-known tracts of Siberia, there is 
every* justification for anticipating that large stores of 
petroleum are Available for future discovery, such as 
would be adequate to meet all jiredictable future needs. 

But it is not, of course, only Russia that w'ould be 
looked to for future requirements, although the prosjpects 
for developnjents there appeal* to be among 4^he most 
promising. 

There are’*still to be found large regtons, ii^i|ie^^^ctly 
explored or unprosp^t^d, in many psfrts of the globe, 
w^here conditions suitjfble for the occarrenc^‘ of petroleum 
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^ay prefail. For instance, in th® vast and still made- 
([uately known continent of Africa, there are yet many 
regions little known or explored, and where the •tropical 
jangles may hide localities of petroliferous indications; 
while the same may Ife sitid of large tracts of^South 
America. Such also is the case of the several Isdfgb islands 
of the Eastern Arcliij]^lag«>, j^yrime of which have^ already 
iftmie to ^ank ajiong* the most important prodi!cing 
countries, although as yet relatively little has been 
there developed ; and large areas, covered by dense 
vegetation, still reniiun unexplored. Possibilities like- 
wise exist in Siam, in the northern densely wooded 
territories of which petroliferous indications occur, and 
^ome primitive workings were there conducted by Chinese. 
While tiic greater part of the vast realm of China has 
up\o now J)een little jirospected or tested (save for some 
exploitation and trials carried out by the Chinese in 
a few localities, as well as the operatic^ps in the salt- 
district of •Szechuan). Finall}’^, ther% certainly exist 
large ])romising arenas, awaiting development, in i^ene- 
zuola ; as also prospective fields in other South American 
States, e.(/., (blombia, Argentina, Bolivia, and Chile (as 
well as furthei^ scope in Peru and Ecuador). 

Much has often been said r^arding the importj^icc 
of obtauiing petroleum from the British J)ominions and 
of the comparative scarcity in them. But here *again 
there does not seem ty be much groimfl for pessimism. 
Among the extensive ^British territories in Africa there 
may, not improbably, occur workable deposits. There 
is alsg much scope in (^anada — particularly in the western 
pro^in^;e95 while the north-western and ngrthern terri- 
•ies iye Awaiting development ; oUierwise the cir- 
cumfitaifce that •the international boundarjf divides the 
greatest* oil-prodiicing country in the world from one — 
at loUst as fai' as Western Canada* is concerned — w'here 
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little or no production is obtained, would be •a strang|(^ 
coincidence. There are, moreovei^, to be found many 
places-^particularly in the regions at the eastern foot of 
the Rockies — where deposits might* be reached by deep- 
bo?ing, when this has beei^ r^ndtred more practicable or 
less costly and liable to misadventure, by the progress 
evolution of the drilling art. In the West 
Indfbs, ’ other llritish domains and islands in fhe 
Archipelago, besides Trinidad^ are not unlikely to be 
capable of producing i)etroleun). Again, in dark New 
Guinea, largely hidden by dense jungle and unexplored, 
]>etroliferous strata are found in several localities, 
in some of which exploratory operations and some 
trials have already been carried out ; while there re- 
luain, of course, large ureas that are not yet explored 
or touched. Furthermore, some favourable results ni^ght^ 
not improbably be obtainable in New Zeahand, should 
efficient ijrosjjecting or testing operations be then' 
carried out. Fir^ally, there is room for further develop- 
ment and considerable extension in Burma ; while Iittl(‘ 
has been done ih this direction in the Federated Malay 
fStates, where, in some areas, the geological conditions 
are not unfavourable and scientific pit>Kpecting may 
le^ to the discovery of petroleum particularly in the 
more recently ceded States of Tringganu, Kelantan, and 
Kedifti. 

In view, then, of all the foregoing considerations, then' 
should be no reasonable doubt that adequate sujqdies 
of petroleum will be forthcoming from various ]*arts 
of the world, in order Jo satisfy future requirements. 
And this apart from the possibilities of enhanced produc- 
tion by the distillation of oil-shales. To ikat industiy 
iinprovemenfts in, and the advance of, scientific ^nethods 
fbr producing and reining oil from shUe, and fbr elimi- 
nating sulphur and dther impuriticsi and "the utilisation 
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^ by-pr#ducts, may give great expansion, and even 
afford a more exacl and less sj)eculative method of 
obtaining petroleum, while also permitting the piofitable 
extraction of oil from shales of a relatively low grade. 
With the oil-shales, howev^, it is not ptoposed here to 
deal. 

Concurrently with i.ho •advance in the use and 
increase in the demand for the necc^isity 

and importance of apj^Jying geology to petroleum 
ex])loration and for the location of underground aecu 
mulations has, during the past two decades, been gradu- 
ally becoming recognized, filthough formerly the use of 
geology in oil-finding was ])ut too frequently belittled 
by the so-called “ oil-man,” while even now it is in some 
<piarters insufficiently axipreciated. At the same time, 
too, this economic branch of applied geology has made 
considerable advances, although it is still somewhat 
young in experience, and much yet rc^mains to be ascer- 
tained ; while more, doubtless, Avill be revealed l)y 
fiituri^ discoveries. 

So different are the circumstances, Tissociations, and 
requirements in the study of the (K*.currence of petroU'um 
and in oil-miifing from those of other kinds of mining, 
that what might be regarded as a special economic 
science has arisen and become indispensable. 

More recently, there has become recognized thli! ad- 
vantage obtainable from the application of physical 
science, for ascertaining geological data by means of 
' geophysical methods, ” and progress made in the 
development of such methods^; and a new economic 
science — requiring the co operation of both the physicist 
jfhd th^ g<t>k)gi8t — has come into existence. By this 
mea^s, int)t only may important supplenftntary data 
be obtained, whCre the conditions? are suitable for the 
operfftioa of the new methods, but the underground 
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conditions may be thereby discovered in localities whcn^ 
geological evidence alone may disclose little or Jiothing 
— or is lacking or entirely wanting. Although as yc^t- 
in #n early stf^e, th# application of geophysics to oil- 
finding has already achieved some successful results, 
and by such means it is not improbable that oil-deposits, 
whfljjh otherwise^ would reftuiin unknown, may come to 
be discovered. Notwithstanding* the«circumflance that 
some of the instruments whicTli have been devised and 
are required for the operation of these methods are at 
])rcsent somewhat costly, it is obvious that such observa- 
tions are a less exj)ensivc ])rocedure than “ wild-cat 
drilling. 

The geophysical methods ma\ be grou])e(l in tlit- 
following principal categories : — (J) Gravitative, (2) Mag- 
netic, (3) Electrical, (4) Acoustic and Seismic, ^5) Thermo- 
metric, and (6) Radioactive. 

Although prifbtical geophysics is as yet still in an early 
staga of dcvclopfhent, the time may not be far distant 
w^heii it may bc^possible, by means of the co-o])eration 
of these several classes of methods, and thus ascertaining 
and taking together the respective ])hyf^cal properties 
of the rocks or deposits to reach a more or less exact 
dettirrnination of what is beneath. 

(3) Scope of the Following Chapters. -Although, as 
already indicated, this small treatise is essentially of a!i 
elementary character, a previous acquaintance with the 
fundajneiital principles •>f Geology is desirable. It is, 
for example, necessary th#t the jmportance of dcnucfeitioii 
should be fuHy appreciated, and it should be recognized 
that almost pver^ where enormous masses of i^ek have 
been removed^from tjie land, by the denuding agents, 
or “ epigepp forces,” tjiat tend to reduce all land-surfaces 
to a base levol of erosion. 
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LikewSe, it is desirable that there should be a com- 
prehension of the great terrestrial movements and dis- 
turbing agencies, or “ hypogene forces,” and theip effects, 
whereby the rocks of the Earth's nrust have been folded 
and dislocated, and sifrface^ have risen and subsided ; 
as also an understanding of the structural features that, 
have thereby been occfttsioffiecl 

Moreover, an acquaintance with the general prin- 
ciples of stratification, and with the various periods 
of geological history, and the divisions by which the 
sedimentary rocks are classified, is necessar}^ 
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CHAPTER II. 

THE ORIGIN OF BITUMEN. 

Contents. — General Kemarks and Importance of Study and Researches 
in this Direction — Inorganic Hypotheses — Marine Organic Hyjio- 
thesis — ^Animal Origin — Micro>organic Hypothesis— Association of 
Salinity with the Occurrence of Petroleum — Terrestrial Vegetation 
Hypothesis — Possibilities of Derivation from Coal — ^Resinous and 
Wax-like Substances therein — Origin from Marine or Aquatic Vegeta- 
tion — Oil-shales, etc. — Dynamo-Chemical Origiii — Deductions and 
Conclusions, 

Although, to a great extent dependent ofli chemical 
investigation, the subject of the origin of bitumen is 
essentially concerned with geological inquiry and specu- 
lation. It is obviously a question of great economic 
importance and demands further researches, especially 
as much in relation to the mode of occurrence must 
remain insufficiently understood, until more decisive 
knowledge is attaint concerning the genesis, so that 
such would tend to increSse possibilities in oil-finding. 

It is by no n^ans attempted here to present anything 
approaching an exhaustive account of the many hypo- 
theses which have from time to tjme been advanced to 
elucidate this still somewhat obsedte subject, but merely 
to give a brief discussiqp, from a geological aspect, of 
various theories and evidence, with personal observsjbions 
and conclusioiis. 

Up fo the present time, it cannot be SifBl that anjf 
hypothesis tfag given universal satisfAction, fr heen 
accepted as conclusive. It is, however, probable that 
no single theq^y of origin suffices to meet tfie case. 
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The tlftiorich of origin may, of \ 50 urso, be in the first 
place broadlj^ groui)ed as either organic or inorganic. 
It aiipears, however, highly improbable that arty com- 
mercial suj)plies of petroleum car^ have originated in an 
inorganic manner, althbugR in some cases whera small 
(juantities or traces of hydrocarbons occur in association, 
with igneous rocks, ^r With volcanoes, it may ha\^ 
arisen in Jbhis way. 'JJhere is consequently no need to 
dwell at any great length ®n this mode of origin here. 

INOROANK^ ORKllN. 

Small amounts of hydrocarbons have been found in 
nicteorites, which circumstance luis given rise to the 
theory that sueli substances existed in the origirml 
nuiterial of the Earth, or what has l)cen termed the 
“ cosmic theory of origin, as advanced by Sokolov,* 
who also adduced in support the oc*currences of bitumen 
in igneous rbcks and the presence of carbon and hydrogen 
in tlie pyros])heres of celestial bodies, ^ It may be men- 
tioned in this connection that it has been found possible 
to obtain small quantities of hydrocarbons from igneous 
rocks, f for instance, granite, gabbro, gneiss, basalt, 
etc., in which hydrocarbons are present, usually in the 
gaseous condition. 

In respect of inorganic hypotheses, it may perhaj)s 
not be necessary to describe the notable theories which 
were formulated by Kfendeleev,! or include the theory 
suggesting an origin from th^ action of percolating 
carbonated waters on metallic iron at a high temperature 
deep d/>vrn beneath the surface of the Earth (the higher 

♦ JiuU.\<v . Imp. Nnt. Moe>c , her. 2, vol. iii., pp. 720-7I5fll(1890). 

t W. A., Proc, Royal SV., vol. ix., pp. 453-457 (1891). 

tJurn, Rossi'. Phiz. Khtm. Obsclc.y vol. ix.,'Otd. i., pp. 30-37 (1S77), and 
vol. \y.. Otd. i., pp. 307,-380 (1883). Bitll.^Svc. Chsrn. de* Pans, ^ol. i.„ 
p. 501. 
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specific gravity in the interior of which might be clu% 
to the presence of metals), or the hypothesis founded 
on the circumstance that the action of water, or steam, 
on metallic carbides, ^can produce hydi’ocarbons. In 
view erf the hij^i specific gravity of the Earth, it uas 
.thought •that such carbides might largely exist beneatli 
the surface. Hojyever, the ^xiftenCe of improbably large 
quantities of metallic carbides, •witlyn ^icce^is in the 
Earlji, would be required, if only to suffice for originating 
the amount of petroleum which has been produced, as 
the amount of metallic carbides demanded is very great 
in proportion to the petroleum that can be ])roduced 
from them. Furthermore, the circumstances that large 
deposits of bitumen or petroleum arc oiJy found in th^ 
stratified rocks, that the deposits found in tlu^ strata 
of younger age predominate, and that very^ frequently 
barren porous beds are intercalated in the y)etroliferous 
beds, or tJie sirata subjacent to an oil-series do not 
contain petroleuiw, all tend to constitute CATidence con- 
trary to the supposition of the deep-seaitjd origin. 

Attempts have been made to show a connection 
between the distribution of oilfields and regions of 
abnormal magnetic variations, and that fhe latter may 
be due to the presence beneath the surface of magnetic 
metallic carbides, tliis view being considcTcd com- 
patible with the theory of origin from metallic carbides. 
It appears, certain, however, that no such marked corrci- 
spondence, between the positions of (ulfields and irregu- 
larities in the lines of magnetic variation, is generally 
to be found, t 

Another inorganic hypothesis is that which* ig some- 
times balled the ‘‘ mining '' J theory of origin and hfift 

♦ Becker, G. F., Bull, 401, V.S. Oeul. Surrey. 

tTarr,*V\ A., Econ, ^ed., vol. vii.. No. “J, pp. 047-C01 (19121. 

J Wade, Oeologids* Afisoc.. vol. xxiv., pt. i. (19l.‘l). 
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l^een suggested in view of the f!requent association of 
sulphur and gypsum' with petroleum. It endeavours to 
explain the origin of petroleum by the action of the gases 
sulphur dioxide and sulphuretted hydrogen on limestone 
which, when water is jfrescn#, could produce petuoleum, 
gypsum, and sulphur ; * while, incidentally, ‘the origin, 
of the gypseous deposits, Whv3h are in sp many locaUties 
associate^ with ijetrolcum (either in massive be(Js, as 
in the Red Kca and Persian areUvS, or in veins, aqd in 
the form of crystalline selenite, as in many other localities, 
for instance, Russia, Trinidad, etc.), cpuld be in like 
manner explained, as also the frequent presence of 
sulphur in the oils. 

It is probabie, however, that the gypsum found in 
association with petroleum has generally been formed 
in a stratiform manner or is contemporaneous with the 
beds in which it is found, esi3ecially when it occurs in 
intercalated beds of great thickness (for instance, in the 
Samara Division of Russia, and in the Red Sea and 
Persian areas), while sometimes organic remains are 
enclosed by it. Moreover, gypsum (or the crystalline 
form, selenite) is of very frequent occurrence unaccom- 
panied by hydrocarbons, as in many clays, for instance, 
the Ampthill Clays and others in* Britain ; also in masiive 
deposits, as in the older non-petroliferous series in 
Trinidad. 

Before leaving the object of inorganic hjTpotheses, it 
may be recalled that* some time ago 0. Fisher, quite 
independently of any surmises qs to the origin of petrol- 
eum,,, while discussing the condition of the infracrustal 
regipn^ of the Earth's interior, with a view to meeting 
certain,, asttcnomical questions concerning the figidity 
of the Earth aiid the absence of appreciable tidal per- 

* R 98 S, 0 . C. I) , Rep.^Brit. Assoc., Section C, 1891, p.' 639 ; Hiime» 
W. F.. Cait^ Scient. Journ.,^vol. iv., No. 48, p. 14 (Sept. i'^lO). 
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turbations in the Earth’s cruSt, advanced the theory 
that there was- a liquid sub-stflatum saturated with 
gases •w^hich were dissolved in the molten magma, it 
being supposed that the compre'ssibility of the gases 
would account for the ab^nca of measurable tides in 
these Regions of the planet, and thus remove the prin- 
cipal argument for rigidi^.* lt» was at the same time 
considered probable that the gases might be hydrc^en 
or compounds of hydrogen. 

ORGANIC ORIGIN. 

Turning now to the organic hypotheses of origin, 
there are, of course, both animal and vegetable possible 
sources, and such hypotheses might be sul)divided inlo 
those of marine or aquatic animal organisms and 
micro-organisms (both animal and vegetable), of marine 
vegetation, apd into that ascribing the derivation to 
terrestrial vegetation. 

It has been chemically demonstrated, notably by 
Engler and H5fer,t that, under certain conditions of 
temperature, pressure, and confinement, it is possible to 
produce liquid hydrocarbons from animal remains. The 
f(g*mer obtained petrc4eum-like products by distillation 
from menhaden oil, fish, and mussels. Moreover, bitumen 
has been found associated with fossil mollusca and corals, 
and traces of petroleum have been found in fossil fishes. 
Petroleum has also been found dn association with coal 
(although many such cases may be^due to impregnation), 
while products resemf^iing natural hydrocarbons have 
been obtained by the action Df superheated $team upon 
wood.J Furtherf*more, it is possible to ob^lLin petroleum 

* Fisher, 0., “Physics of the Earth’s Crust,” lS89. 

I “Das Erdol,” 1919 Joum., vol. cvi.f No. 4,118*(19I4) ; Per. 
Deutsch. Oes., xxi., 4 >p. 1816-1827 (1888); xxii., 592-597 (1889). 

t Orton, E. Bull. Oeol. Soc, Amer., vol. ix.f pp. 80^00 (1898). 



24 OCCURRENCE AND GEOLOGY OF PETROLEUM. 

in small quantities from pefat, apd from certain kinds 
5 £ sea-weeds ; and also from diatomaceous and other 
oozes. 

It is thus apparent that there are many organic raw 
materials which can ojigiaa^e bfcumeiifr under suitable 
conditions, among which is that of their being •rdatively 
((uickly covered up by^ deposits. 

♦Striking support is given to the hypotheses of’ organic 
origin — both anifnal and vegetable — by the optical 
characters of x>etr()]eum, as evinced by its behaviou*i* in 
X^olarized light, as originally shown by Rakuzan.* 
Petroleum, as occurrirfg in nature, is most usually ox)tib- 
aJly active (tliat is, it rotates the plane of j)olarized 
light), while similar hydrocarbons of chemical x)ro- 
(luotion arc not optically active (that is, they arc isotroiDio). 
Excv'ption, however, has been found in some oils, usually 
among the hght, i)ale descriptions, f for instance, in some 
from Surakhani, Caucasus, and Vellcia and Montechino, 
Italy, and al^o one variety from Japan. :j^ ^''his character- 
istic was supxioscd to be due to the j^resence in natural 
]>etroleum of small quantities of the alc’ohols cholesterol 
vC 24H46()) — -one of the zoosterols, and the x^hytosterols, 
the former of which occurs in the j^^imal fats and oils, 
while the latteir (sitosterol, 02?^ is found in 
vegetable oils.§ As cholesterol is siqqiosed to be the 
most usual ingredient, and to be reiiresentative of the 
larger amount of organic sources, it has thereby been 

* ,1 nnf. ttusal-. Phiz. Khim.^ xxx\i., p. (1904), xxxvii., pp. 79-85 (1 90r»), 
and xxxviii., p. 11:29 (1900). 

t liK identally, this oirc’uiVistaiifc would to support the view ihat, 
in the otjses (comparatively rar»») of the o<*^*urrence in Nature of such veiy 
light oils, siic^ may be duo to naVural distillation, since the greater part 
of the* cholesterol — when distilled — ^is found to be associated w^th the 
JiiJ(hcr boiljuv frtfv!tions, while also lower fractionaMions from the same 
.substance hjfve Ix^cn fo^«nd to be optically inactive. 

J Ra£ii/a», M. A., xxxix., p. 634 (1907), 

§ I^'wkowitsch, .1., “ Chemical Technology of Oils, Fats, and AVaxes, 
191,3. xcV.!. 
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considered that aninuil product must have furnished 
the principal origin. Later inve*stigations, however, 
have tended to cast some doubt on the view^ that the 
general presence of these substances in all petroleums 
has^een clearlj^establfshed.* 

Whil^ it appears probable that in many eases and 
<ipnjJitions marine animals or ihc smaller marine organ- 
isms*may have given rise to thc.occiirrc'iiee of bitumt'p 
or ]jietroleum, and such wouljJ seem *the most feasible 
hypothesis, it is, however, by no means advisable to 
aver an exclusive marine-animal origin for all ])etroleum 
or bituminous deposits. It is also quite possible that 
vegetable remains (terrestrial as well as marine) may, 
in certain instances, have been a not iinimjaniant con- 
tiubuting factor in providing petroleum and bitumen, 
either in conjunction with the animal agencies, or possfl)ly 
sometimes independently. 

Marine Organic Hypotheses. — In sui)i)ort of a mariiu' 
organic agency oj origin, it may be asserted.that })etrol- 
iferous beds occur in many regiojis in strata de])osil(*d 
under marine cf)n(iiti()ns, where t(‘rrestrial vegetation 
could not have been readily available, and sometimes, 
but rarely, even under deeper-sea conditif^is. Moreover, 
proofs of abundant mafine life are fr(K|uently (^xist<‘nt 
in series of deposits in which bitumen occurs. In many 
regioits, for instance in the jietroliferous areas in Russia, 
abundant remaiAs of marine organisms, such as molluscs, 
echinoids, corals, etc., as well a» those of the smaller 
marine organisms, and sometimes of fishes, r)ccur in the 
beds ‘associated with ttj^ ])etroleum ; while in many 
3)etroliferous strata, as in California and glsewhcre, 
abundant remains of the smaller marim!^ organisms 
(animal and %^^ctable), such as foraminifcra and Jiatoms, 
as w^ell as algae, exist. It is difficult nbt to connect the 

* Redwood,^., “ A Treatise on Petroleum, ' 1913, vol. i.,«p. 2Jfl. 
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former apbundance of tllose Organisms with the occurrence 
of petroleum, more especially as traces of petroleum-like 
oils have been obtained from similar organisms living 
at the present day arid in marine muds of organic detritus, 
as in the gulfs of Mexicoi, Sifesi^ etc. Agaih, the occurrence, 
in New Brunswick (Canada), of abundant teftnains of 
fossil fishes, associated with the bituminous shale% and 
albertite,'" is striking and suggestive. 

Marine Animal Origin# — in connection with a n^rinc 
animal origin, an observation made by the writer of a 
curious but suggestive occurrence in the deltaic regions 
of the Mahakan River in Koetei, Dutch East Borneo, 
may be mentioned. Attention was called by some natives 
to the occurrence of small quantities of petroleum in a 
well in a locality near a creek of the delta and situated 
oif extensive alluvial flats, the presence of the oil rendering 
the water unfit for drinking. The occurrence of petroleum 
in such a situation appeared strange,, as the nearest 
Tertiary beds were at a considerable distance, and even 
there the petroliferous horizons had sunk to a consider- 
able depth beneath later Tertiary beefs which were not 
petroliferous ; moreover, the alluvial deposits in the 
vicinity of tHb well, which was not far from a deltaic, 
estuary, should be of considerable thickness, and inolude 
argillaceous material. It did not, therefore, seem pro- 
bable that the oil could have infiltrated from below to 
that position ; furthermore, there were several other 
wells which had beeif dug by the natives for water on 
this alluvial flat, aijd none of t^ie others displayed traces 
of petroleum. The oil occurring in this well appeared 
of ^ clpac and fresh natrire, and unlike thaj) of the usual 
Sieepages fdend in the petroliferous Tertiary foriliation ; 
the ^ro^s could *De seen rising from the bqtfcm. Accord- 
ingly, in order to investigate this ‘occurrence, the writer 
had ‘the* well drained of water and dug deeper. After 
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a while a collection of* remains ot many mollusta, corals^ 
and echinoids was disclosed, which appeared to occur 
in a soft of pocket and were intermingled with fine sand 
it was evidently an ^aggregation 'or shoal which had 
formedy been Abashed tog^fclfer. All the organisms were 
saturated* with this peculiar jDale but strongly smelling 
petroleum,* thejassociated/iaiid being comparatively less 
saturated. On some of the bivalves being ojjpned, tKoy 
wer^ found to contain fine sediments strongly saturated 
with this oil. The absence of any traces of petroleum 
in the surrounding sands and alluvium, but occurring 
only in association with these marine remains occurring 
in a pocket, would suggest a connection between the 
two circumstances. The organisms proved to be of 
Post-Pliocene age. 

Another somewhat remarkable circumstance was 
noticed by the writer in North-West Borneo, on the 
Klias island. .A test-pit w’^as dug to a dei)th of about 
40 feet in soft dark-grey shale. No traces of petroleum 
were found in the hole until a depth of about 35 feet 
had been reached, when a strong seepage appeared in 
a corner of the hole, and hard rock was found in the 
same place. Finther excavation revealCd the rock to 
be«a large block of hsttd and compact coral-limestone, 
n^t in situ^ wjiich was present on the side of the hole*. 
On ttie limestone being broken with a pick an escape of 
gas took.place, a*nd the exudation Jpecame stronger, it being 
found that it came from the limftstone block which was 
saturated wdth petrolei^. Over a gallon of a very light 
and clear oil, which contained a large fraction of spirit- 
constituents, and was highly inflammable, wast gjradually 
obtained from the exudation during the corfse of seveml 

* Some of this %il was collected and afterwards examined, it beiii^ found 
to be similar to pietroleum. 

t The specimens were examined by Mr. R Bnllcn NeT^ion, F.G.S.. of 
the British Mueeum. 
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<Jays. This occurrence ik mentioned, as the circumstances 
are peculiar, inasmuch as the block of limestone (which 
was compact and not very porous) was not connected 
with other limestone or associated with any petroliferous 
l)ed from which it could haVo derived ihb oU by ipfiftra- 
tion ; and if it had formerly been broken off a limestone 
whicli was originally »petioliferous, it (jloes not appear 
likely tha^., it could hj?ve retained so much petroleum 
and gas before it because sealed by the surrounjiing 
clayey shales which must have been of comparatively 
slow deposition. The only other alternative to an in- 
<ligenous condition would be the derivation of tlio 
]>etrolcum frfun finely divided organic matter in the 
shales, it haviixg concentrated, by adsorjition or capil- 
larity, in the limestone, although it w^ould be diflicult 
thus to explain the iiresence of so much gas under 
liressure. 

Similarly, petroleum has been found associated with 
coral-reefs, for instance, hi the Red S<»a,* in positions 
where it could not very well have had an extraneous 
(U’i.'iii. 

A difficulty in the hypothesis of origin from marine 
animals, princtjially, however, affeoting the case of the 
larger organisms having hard pafts, is found in the u^ual 
absence in the actual petroliferous seanuj of their tests, 
shells, or other n^mains, although this would only be 
in ease of the assumption that fhe jietrolchm is indigenous 
to the beds in which it is found. Moreover, in petroli- 
ferous series, where §ome beds contain abundant remains 
of majrine organisms, as in Ru^isia, these do not usually 
themselves exhibit traces of liquid hydiyicarbons or 
liitumei^ but the petroliferous seams are geAerally 
founci, sttparated 'from them, although ofteft present in 
the immediate nefghbourhood or in superjacent positions. 

♦ Fraas, (h, />*«//. Scimt Nat. NeftcJtatel, T. viii., pp^58-61 (ld(>8). 
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It is, however, probable that, in the casc« of moi^. 
deposits, the j)etroleum is adventitious, not having often 
originalped at the horizons at which it is found, but 
migrated to other beds, where greater i^orosity favours 
its acc^mulatioA and storage. 

In orfl^ to meet such conditions as those mentioned 
ifbojre, it could be conteiyle^ that the lietroleum had 
been entirely expelled, by means o^ volatiiization or 
distyiation, from the horizons containing the organic* 
materials which produced it, and, a suitable medium 
or sufficient outlet for gaseous emanation having been 
available, had condensed in and permeated superjacent 
porous beds protected by an impervious cover. Sufficient 
heat, by which the hydrocarbons might have beep 
volatilized, could have been generated by the folding 
movements and pressure in the strata and conseqilenti 
friction, which may not have produced so much heat 
in loose porous beds as in the more compact and finer- 
grained limestoniis, marls, etc. ; furthermore* an increase^ 
in pressure in the upper porous beds, as the rising gases 
became imprisoned beneath their impervious cover, may 
have also aided condensation in them. Or this process 
may likewise have been performed by sloV distillation * 
at e low temperature. 

Such migration i?i the gaseous condition, however, 
coul(f not be readily considered feasible in the case of 
heavy oils with solid reskfues, as, in the case of the great 
majority of deposits, although thfe very light oils, which 
are found at various places (for instaiAce, at Surakhani, in 
the Apse heron peninsula^, and at Tabaquite, Tripidad, 
etc.), have .probably been th\is produced. JMprepvcr, 
some Residual traces of bitumen would inrsuclj a cas?h 
be expected to remain, associated ^ith thep ojganie 
remains in the originSl beds. 

♦As suggested kr Newberry, J. S., “Geology of Ohio," vol. i., p. 
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It is, however, possible for migration and expulsion 
to be also effected iit the liquid state (the solid residues 
being included or dissolved in the oil) by means of 
•capillary attraction and adsorption, or by being squeezed 
out under pressure into adjacent *poroui^ beds ; as also, 
in the case of the original rock or deposit being at all 
porous, by hydrostatia action and hydraulic pressure, 

It is rerparkable hovj quite heavy petroleum can thus 
penetrate seemingly impei;vious argillaceous rocks, while 
it may also be caused to pass through cracks, or thin 
fissures, such as small slip-planes or joint-planes, etc., 
.sometimes in this manner traversing considerable thic& 
nesses of strata. 

A remarkablp example of this migration through 
great thicknesses of argillaceous material is found 
in frinidad, where inspissated petroleum has in places 
penetrated ^the Miocene clays through a great thickness, 
having risen up cracks, such as in minor sl^-planes, joint- 
planes, or other minute fissures, alongi, which asphaltic 
residues have often been deposited ; while it also appears 
to have permeated, or become diffused through, portions 
of the rock by means of adsorption. 

Another method and different naanncr of migration 
— ^l>y sedimentary transportatie-n — will be considered 
later. 

The origin cannot always lie in the seat of occurfencc, 
more especially as the petroleilm is rarely confined only 
to a single bed or horkon of a series ; but usually it is 
found that most, and often all, of the porous beds in the 
series have become impregnated — that is, in the area 
where they occupy positions affording suitable structural 
oonditions. 

Mojeoyfer, petroleum - deposits generally occur, with 
some ndtable exceptions, in ferrtiginous sands, grits, 
or even coarser-grained rocks and conglomerates, the 
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conditions during the deposition cff which would 4iot have 
favoured the organic life that has furnished the source. 

In some instances, porous limestones, as for example, 
the detrital limestones of the Persian Gulf and Red 
Sea regions, the fissured KnlesWnes of Tamasopa and 
San Felipe in Mexico, and those of the Corniferous and 
!Niiag^ra, and the dolomitic Trenton Series in North 
Amertca’ act as the oil-bearing strata ; and in the lastn 
named cases have been considered to constitute the seat 
of origin,* although such occurrences might, of course, 
be due to impregnation. 

It may be noticed, how’ever, that no loss an authority 
than H. von Hofer f expressed the opinion that petroleum 
is indigenous to the beds in which it is fo^nd. 

The lack or paucity of phosphates in petroleums or 
in the containing deposits has been considered as •‘an 
objection to animal origin, J although, as regards the 
absence of pho,si)hates in the beds, calcium ))hosphai(‘ 
is, of course, generally present to a certain extent in 
sedinientary rocks (otherwise the luxuriant vegetation 
conspicuous in so many regions whexc petroleum is 
found could not thrive). Moreover, the petroleum- 
accumulations represent concentrations from extensive 
are^s, while they are in itiost cases adventitious. 

Furthermore, calcium phosphate is soluble in saline 
water, and also to a certain extent in water containing 
carbon ^dioxide* (whereb3^ the plants, dependent on 
phosphates, are able to absorb it)? The frequent associ- 
ation of salt or saline deposits with petroleum, suggestive 
of an origin under saline conditions or in desiccated b,asins. 
will be further considered lat^T. Carbon dioxide may 

♦Sterry Hunt^T., “'Geology of New York/' vol. iii., p. 33*, Orton, E., 
“Report on the^'Ocourrence ^ Petroleum and Aspifalt Rock iu Ken- 
tucky," 1891, p. 43. 

t Min, J<ynm,, vol. cvi.. No. 4,119 (1914). 

% Cunningham^ Craig, E. H., “ Oil Finding '* (V914), p. 9. 
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pjso havtj been present, and was probably a product in 
one of the stages in the formation of petroleum. It is, 
therefore, possible that much of the calcium phosphate 
may have been carried awa^ in sojution. 

Jf extensive phosphf#fcic d<^)osits or nodules aw'. to be 
expected wherever animal remains have been ’plentiful 
in dej>osits, the same Inight be expectech in the case ml ifll 
Mmestone tfdrata. 

In regard to the absence of j)hosphates in the petrcj^eum 
itself, in the peculiar process of decomposition, or re- 
duction (perhaps influenced by a special kind of bacteq^l 
action to which further reference will be made, whereby 
the hydrocarbons were produced), gaseous or volatile 
hydrides might have been formed. The presence of 
])hospliorus, however, has been found in some oils. 

fiikewise. the lack of nitrogenous substances in petrol- 
eum has been regarded as incongruous with an animal 
origin, although the vegetation-hypotheses would also 
be thereby ‘affeeted. Nitrogen, however, is a common 
constituent of natural gas,* while nitrogenous compounds 
or bases are generally found in solid bitumcns,t and are 
usually present in crude oils, in small but very variable 
amount, in some cases reported tb vary according to 
facility for exposure or to increase with depth. J 

It seems, however, possible — in the m§.nner suggesjed 
by Engler and others — that the nitrogenous tissues may 
have been first affected and most of the nitrogenous 
substances removed ih the particular ])rocesses of de- 
composition, in whkjh bacterial action probably played 

* In some eases, f^ases containiiig as much as 80 per cent, in Kapnsas, 
and ci^entfietlrly 98 per cent, in Oregon, have been foundf but such are, of 
j^iurse, abiiormUL Cf. Henderson, J. A. L., Journ. iinsL Pet Tech., vol. ii.^ 
No. 7. ppri%7-198(ltV6)* 

t Rfehaijison, C\, Journ. Soc. Chem. IndusL, vol. xvii.jip. 13 (1898). 

j Redwood, B., “ A ^Treatise on Petroleum (1913), vol. i., pp. 237-238 ; 
Mabery, G. F., and Dunlin 0. (\, Amer. Cheih. Journ., vol.*xviii,, p. 21 r> 
(1896). 
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a i)art. Such a selective putrefaction, whereby tljp 
nitrogenous portions first decomposed, the fatty materials 
remaining, is under certain conditions found to be pro- 
ceeding in Nature ; that this may actually take place 
would ^seern to be demonstr&toA by the last-jnentioned 
authority* having found the decomposing remains in an 
org^ic mud to, contain a, larger •amount of fats than 
that W the living organisms. 

It seems probable that such bacterisil action, of the 
anaerobic type, and decay in deficiency of ah, possibly 
also associated with saline conditions, may have had 
ah important role in the formation of bitumen or petrol- 
eum, and it is to be expected that such conditions would 
produce different results from those attending ordinary 
atmospheric decay. 

Micro*orgaiiic Hypothesis. — With reference now to the, 
smaller marine organisms (also those other tfian marine 
to a limited extent) as a probable source of origin, or what 
might be called Jbhe “micro-organic ' hypothesis, such 
forms* of animal and plant life, as the protozoa, diatoms, 
and small algse, which exist in vast abundance and are 
short-lived but multiply rapidly, would certainly appear 
to present very suitable conditions for the purpose. 
Mo^over, their remainsP are frequently associated with 
oil-bearing deposits, being generally present among 
Tertiat*y petroliferous series in various parts of the world, 
especially in th^ tropical •regions^ where they, notably 
those of the foraniinifera, are almost invariably found. 
Mention in this respect may be made of the Orbitoidal 
limestones and marls — coipposed almost entirely of these 
foraminifera, with also some \)ther forms, ajid often 
together with Nqllipores— which are frequ^tly found 
associated with the petroliferous Tertiai4es, as i^l^q^neo 
and Trinidad ; doubtless, further investigations will 
reveal sucK bjeds occurring in similar* conditions, in ether 

.3 
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legions. Among other examples,* allusion may be made 
to the frequent association of the foraminiferal beds, in 
the middle Tertiary Series of Southern Russia, with the 
oil-bearing deposits for instance at Maikop, where such 
beds underlie the maiic oiT-sands ; and 'also to t^e case 
of the foraminiferal limestone (Asmari) of the Persian 
Gulf area. 

Furthea, there^ are - the notable and suggestive con- 
ditions found in Southern California, for example, ip. the 
Goalinga district,* where the petroleum-deposits in the 
Lower Miocene are considered to be derived from the 
underlying Eocene shales, or Tejon Series, composed 
of an abundance of the tests of diatoms and foraminifera. 
These fire regarded by R. Arnold as sufficient to })roduco 
more than all the petroleum contained in the oil-bearing 
seties. It is a remarkable circumstance that the Miocene 
beds fire only ]>etroliferous where they overlie the^e 
diatomaeeous shales, not being so whe^e they rest un- 
eonformably on the Cretaceous, while ^their productivity 
is said to be related to the proximity of the *Tejon 
shales. 

Diatoms, as aquatic plants building up their organic 
material under the influence of ??unlight from carbon 
dioxide and water, without forming starch or sugfir as 
a product of assimilation, would appear as well adapted 
for forming i)roducts such as the hydrocarbons, or sub- 
stances giving rise to them ; moreovci, included in the 
plasma of some species, minute globules of oil have been 
fletected ; f ^hile G. Kramer and A. Spilker J obtained 
froip a diatomaeeous ooze (seeschilck) underlying a 
peat- hog in the Subdivision of Uckermark, Northern 
Germany, h substance resembling paraffin oil, and, by 


• Arnold, R., jiull. 357, U,S. Geul, Svn\, 1908. 
t Pfitzer, m J. Hanstein's Botanishe Abhandlung, p, 33. 
} £er. Jieuttwh. Chfm. Qesdl., vol. xxxti.. p. 2940 0899), 
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other treatment, a wax possesslhg great simikrities to 
ozokerite. In a theory of origin f roni diatoms propounded 
by these investigators, ozokerite is supposed to be first 
formed, and the liquid hydrocarbons therefrom. In 
this connection* it may he ^mentioned, however, that 
the study t>f the geological occurrence of natural ozokerite 
ten(^ to show a reverse conation, and that this substance 
is evidently a residual product of the oil. 

Although individually minute, the prolific abundance 
in which the diatoms exist at all latitudes in the 
sea, as well as in fresh water and marshes, is such 
as to provide appreciable material or sufficient 
sources. 

A derivation has been advocated by Potonie* from 
the muddy slimes, or “ sapropel,"’ supposed to be formed 
from gelatinous algae, occurring in association with stag- 
nant waters, as in the case of the boghead or caimel 
coals, although it has been suggested that the spores of 
terrestrial plants^ such as lycopods, may have played 
the principal part in the latter. 

The same investigator found in the mud of the fhilf 
of Stettin what he considered to be a quantity of the 
pollen of plants, together with other organic remains, 
suc|} as algse and diatoms as well as animal fragments, 
and on distillation of the material obtained an oil re- 
seiiiblfng petroleum, f 

Likewise, maftne mudS containing minute organic 
matter are, in various parts of the world, found to yield 
traces of petroleum. Siekenbcrgeij J considered that 
petroleum was actually ^rming a scum on the water 
from organic remains in certefin small saline, bays in 
the Rad Sea, wl^e such organic muds, fr#in which ^ 

* Natur. WoclMns^r,^ vol. xx., p. 599 (1905). 

Potoni5, H., ‘"^ur Fra^e nach den Urmatefialien der ^^etrolea,” 
Jahrb. K. Prenss. Oeol, Landksansf., xxv., pp. 342-368 (1904). 

} Chem, Zeitun^, vol. xv., p. 1582 (1891). 
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quantity of petroleum-like oil *was extracted, fgund 
among coral-reefs in the Gulf of Suez, have been described 
by Dr. A. Wade.* 

In Boumania, where there is ^n intimate connection 
between the oil-bearing Mio6ene and Pliocene beds and 
the Saliffere,'" which is supposed to be the seat bf origin, 
Professor Mrazec f bonSiders that an abundance of 
Inicro-organisms f^apakle of living in very saline 'water 
has given rise to petroleum. 

The association of salt or saline conditions with the 
occurrence of petroleum appears almost universal, the 
former substance either occurring in the solid state, or 
in the form of natural saline springs or the salt waters 
or brine occurring in the wells. 

The saltness of waters found at depth may, however, 
be merely^ the not unusual condition of water existing 
in deep-lying strata. Thus some have endeavoured to 
explain the occurrence by this latter circumstance, and 
by the abitence of conditions conducive to percolating 
waters and lixiviation, without attaching any great 
significance to the relationship. 

In most petroliferous regions, however, the saline 
conditions are too pronounced to admit of being con- 
sidered normal, their presence being manifest in the 
strong brines, or in the case of a markedly saline con- 
dition of the strata, often giving rise to efflorescence 
(for instance, in the Caspian or in some*' of the Caucasian 
regions), while considerable deposits occur in several 
6il-regions, too numerous or \^11 known to need recital 
here,? Also, the waters accompanying mud-volcanoes 
are^^. generally saline ; while in this reject mention 
*may l?e.. made — as a somewhat peculiar manifestation 
in oS-r^gions — of the occurrence in the islan(k of Tcheleken 

* Mirniig .Uagazin^., Aug. 1914-. 

t “ L’Indiistrie du Petrole en Roumanie/' Buchaii( 7 st (1910). 
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of highly saline thermal springs, o^ten rising to the surface 
under considerable pressure. 

It seems, therefore, apparent that the conditions of 
formation were generally under saline conditions, as in 
desiccat^ed basiifis, land-locked inlets, shallow bays, or 
inland saa^. 

Cviversely, ns^tural gas ?tn(> trsR^es of petroleum are 
in mftny caseii found in association with important saffcr 
deposits, where the gas is sometimes utilized for the 
illumination of the mines. 

It has been considered that the presence of the salt 
may have contributed to the process of formation, by 
arresting putrefaction, preserving, or modifying the 
decay of, the organic matter ; while spine have con- 
sidered that it served as an active and necessary reagent 
in the chemical process by which petroleum resulted, ^ 
or have attributed to it, as also to other associated salts 
besides common salt (such as the chlorides of magnesium 
or aluminium and bromides),* some obscure chemical 
action in the transformation of the original materials. 
It is possible, however, that the salinity may have had 
an effect in determining the type of bacteria employed, 
and thus the particular process of decompdlsition ada])ted 
to tj;ie formation of petrdleum. 

Other suggestion^ have been made as to a sudden 
advent of increased salinity in waters having effected 
a genero^l destruction of animal life, thus providing a 
larger amount of organic materials as a source of forma- 
tion. One explanation of the re]|i/tionship, however, 
may be found in the higher specific gravity of the 
water, on aqpount of the saliflity, having conduced to 
concentration and facilitated the separalion of the 
ojj from the water. Thus accufhulationsi would 

* Ochseniu'v C., Chem, Zeitung, vol. xv., p. 935 (18^1); and Zeitfichr, 
Dtutsch, Ger,l. Gmell., vol. xlviii., p. 239 (1896). 
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Ifo more likely to occur whefe the conditions are 
saline. 

But the most important significance of this assbciation 
lies in the indication of the condjjbions attending deposi- 
tion — that is, those of desiccsftion. 

The frequent association of gypsum (or selenite) — 
eijiher in the form of vein! or* in stratified deposits-t^-h^ 
rflready b^n mentioned, and may also be explained by 
conditions of desiccation, •rather than by some obscure 
chemical action. 

Furthermore, doloijiitization sometimes accompanies 
the occurrence of petroleum, and is likewise indicative 
of such conditions, although a cause for the connection 
is also to be foftind in the rendering porous of the lime- 
stones by this process, and the consequent provision of a 
suitable rook for containing oil. 

It must be admitted, however, that the conditions 
found in all oil-regions are not invariably those of desicca- 
tion. In thV oilfields of Borneo, for example, such ^aline 
conditions are not conspicuous, althouph salt-waters are 
found at depth ; but the latter circumstance, as above 
noted, may not of necessity be regarded as an abnormal 
occurrence. Moreover, gypseous deposits are not there 
in evidence. 

Terrestrial Vegetation Hypothesis. — T/irning now to 
the terrestrial vegetation hypothesis, adherents to this 
mode of origin point to the association in some places, 
such as in Borneo, tfurma, Trinidad, etc., of coal and 
lignite with petroleum, and toithe alleged circumstance 
that 'sometimes a coal- or lignite-seam may be found to 
merge 'irito.one which is petroliferous.* Aiso, attention 
Ws beep OTawm by Mr. Cunninghaili-Craig f 4nd by 
Messrs. TvVall an({ Sawkins % to the occurrenc^e in Tnnide.d 

*/I!uni\^nghaifi-Graig,^E. H., “Oil Finding,*' 1914, pp. 16-17. 
t /6irl.,,pp. 17-19. t “ The Geology of Trifiidad,** I860. 
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of curious red and apparently burnt seams^ termed 
“ porcellanites/'- which the hrst-fiamed regarded as 
being im a condition of transition between lignite and 
lietroleum-bearing beds. (Although these “ porcellan- 
ites,^ ^’ere supposed ifjr Richardson* to be due to the 
disintegration of the pitch, and to consist of the mineral 
residue.) It doeg not, however^ appear to be established 
that %he condition of a coal-seapi passing into an oi^- 
beaqng rock, along the ident^al bed,* actually obtains, 
although they are not infrequently associated as separate 
beds in the same series. 

Perhaps the most marked exafnples of the assooia* 
tion of a coal-formation with the occurrence of petroleum 
are those found in Borneo, where the oil-bearing sands 
are intercalated in the series with numerous seams of 
brown coal, often of great thickness, but occurring^ at 
different horizons in independent beds, in' which no 
passage from the one into the other is observable. 

In many fields however, in fact in the majority, no 
coal or lignite is found associated with the petroleum, 
and often the conditions under which the strata were 
laid down do not favour the probable proximity of large 
quantities of terrestrial vegetation. 

\p, connection with this theory of origin, it should, 
however, be remembered that there is little or nothing 
to indicate that any considerable amount of terrestrial 
vegetation existed in eafly geological times, and that 
some of the older petroleum - deposits may, therefore, 
have been prior to the advent of land-plants. 

While, difficulty in the terrestrial vegetation hypothesis 
is found iq the general absence in the petroliferous 
beds, nnd frequently in the adjacent strata, ^ the refnai)^ 
of terrestrial vegetation, the hard paris of wHjfSi would 
not be likely to disappear entirely, not even a\iy traces 
* J§um, Soc. Chem. Indu8t,, yoI. xvii., p. fd (1899). 
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of the original fibrous anft cellulose structures being usually 
discernible. Moreover, cellulose on distillation would 
leave a carbonaceous residuum. Migration may, oicourse, 
have taken place — in the manner considered above — 
to overlying porous beds frocn the source of origin, in 
which case, however, the presence at the latter* of beds 
containing indications oi vegetable remains, tog^hec 
"^ith some residual traces of bitumen in connA‘tion 
therewith, might be expected in the locality ; while the 
close association of true bitumen with the remains of 
terrestrial vegetation, or coal, is not of general occurrence. 

A somewhat diflereilt aspect, how^ever, has been placed 
on the hypothesis of origin from terrestrial vegetation 
by the possibilitjles of the transportation of the petroleum 
to the places in which the beds containing it were de- 
l)osited, and by researches into the behaviour of petroleum 
in water containing clayey sediment, and its sedimentary 
deposition. 

As in the case of coal, in which the tran&i)ortaiion 
theory of origin has served to cx])lain some cases in which 
there is an absence of evidence (such as trees rooted in 
the under-clays, etc.) of the coal having been formed 
in sitUj so, in* the case of petroleum, a transportation 
theory of origin might explain* how the hydrocarb/ms 
may have been derived from terrestrial vegetation 
without the series of deposits in which {hey are found 
containing evidence of the reiuffins of land-plants. 

It has frequently been noticed that oil floating dowrn 
streams eventually disappears ; where does it go to ? 
It is not likely to disappear so sQon by reason of evapora- 
tion. 

In 'researches carried out on the behaviour of oil in 
the wattj^i of streams, etc., by Mr. Murray Stuart * in 
Burma, K w^as fotind that the oil disappeared in water 

* iRec, Get^, Sun., Indta, vol. xl., 1910. 
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Containing clay-sediment. It was found that 4his was 
due to the clayey sediment having an affinity for the oil, 
minute f)articles adhering to the glol)ule8 of oil, until 
the latter were weighed down and collected at the bottom 
of the ^ater. 

In thiiy^ay iietroleum might be de])osited under water 
0 ¥er extensive ajeas, such as on littoral or estuarine 
tracts-. A change in the conditions might briijg al)out a 
deposition of sand in place of the clay, and, as the weight 
of the overlying sand increases, the petroleum mingled 
with the clay would become squeezed out and absorbed 
in, or migrate to and permeate, Ihe porous sand. A 
recurrence to the former conditions and a further change 
in the nature of the sediment might hack the 

clay, which would then form an overlying impervious 
deposit sealing the petroliferous sand-bed below. Thus, 
a series of petroliferous beds might be formed, and if 
at times the source of the petroleum became temporarily 
stopped, some of iiho interstratified sand-beds would be 
barren ; there would then be X)re>sent a series of petrol- 
iferous sands, witli some intercalated barren sand-beds, 
interstratified with clays and shales, just as occurs in 
Nature. 

This manner of depc#*ition of ])etroleum by trans- 
])ortation might serve to explain the occurrence of seams 
of coaF or lignite merging into petroliferous beds, where 
such conditions hTive been Supposed to occur. 

This mode of deposition is not, of course, apjilicable 
only to the hypothesis of terrestryd vegetation, but 
also to that of marine origin, serving as a possible ex- 
planation of Jthe way in whiclf petroleum, whether of 
animal or vegetable origin, may have beel deposited 
and permeat#d the beds in which it is "found, fjc'tcjje it 
became further concentrated by geotectobic agencies. 

In this connection it may bo mefltioned thajL it» has 
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been shoi/n by Gottier and others that liquid hydrocarbons 
can be formed from marsh-gas in the presence of certain 
chlorides, siich as rock-salt and calcium chloride marsh- 
gas is, of course, a Common product of vegetable origin 
and decomposition, amd in regions co\1ered with 3ense 
vegetation or jungle country, particularly wheft swampy,, 
considerable quantittps may be prodjaced. This cit- 
umstancq if taken ii\ conjunction with the transf^orta- 
tion theory, would appeai; to j)resent striking possibilities 
for accounting for the origin of some deposits of petroleum. 

In connection with the oil-deposits of Egypt, Dr. W. 
V. Hume has suggested finely comminuted vegetable 
material, carried far out to sea with the finer mud, as 
constituting thr principal source of origin.* 

With reference to the possibility of oil-deposits being 
defived from coal, by means of natural distillation, and 
thus indirectly from terrestrial vegetation, an objection 
to a carbonaceous origin appears in the nature of the 
I)roducts obtained from the destructive distillation of 
coal, which contain a predominance of the hydrocarbons 
of the benzene and aromatic series, wi^h also a consider- 
able amount of phenolic substances ; while such cannot 
be said to be \he case with petroleum, although a minor 
amount of the hydrocarbons belonging to that ^ries 
and small quantities of the last- mentioned compounds 
are usually found to be present. 

In some oils, however, laTbger amounts of aromatic 
compounds have been found, notably in those obtained 
in Koetei, Dutch IJfist Borneo, ^ hich apparently contain 
fairly large percentages ; in tthis region, as previously 
mentiqned, the formation affords a very pronounced 
'exampk oA the association of coal and oil-bearing de- 
posits. «\ndeed. Us pointed out by J. Kewlej^t ^ I'be East 

* Jowru. Pei. Tech., vol. vil.. No. 29, p. 407 (Dm. 1921). 

• t /WA, No. 27, p. 209 (July, 1921). 
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ladies generally, the oils obtained from coal and lignite- 
containing formations appear to yield a higher amount 
of sucht^ompounds than those found in deposits in which 
carbonaceous beds are absent. 

It is^iot, however, to be Supposed that the derivation 
of the petroleum is, in these cases, to be attributed to 
the oal^ although the latter pdfesibty may have in some 
measure contributed to, and caused, the excess of suck 
compounds in the oils. 

Petroleums from South Persia and Algeria, moreover, 
have also been found to contain some aromatic com- 
pounds. 

Occurrences of mineral resins and wax-like hydro- 
carbons are frequently found associated with beds of 
peat, lignite, and coal- such as have been termed “ ])yso- 
dile,’' “ Retinite,'" “ Retin-asphaltum, ‘‘ Neudorfitfe,'' 
“ Mellite,"’ etc.* and a number of other names ; while it 
is not improbable that these substances may occur, not 
only jn macroscopic form and aggregations, Hbut may be 
present also in cpals in a microscopic or finely dissemi- 
nated state, to some extent. In this way such sub- 
stances could provide a possible source for the formation 
of .some oil by distillation. They are of more frequent 
occurrence in beds of cafthy brown coal, and it is accord- 
ingly ^jossible ^at, in the more advanced stage of the 
metamorphosis ^f coal, they may either have become 
dissipated, or have impregnated the rock in a more 
finely divided or disseminated cortdition. It is possible^ 
moreover, for the high pil-producing quality of cannel 
coals to be due to this cause — as also the yellow ipicro- 
scopic bodieSb(or “ gels ”) found^in such coals. 

Marine VagetaAion Hypothesis. — It now remains to 
consider mafeqe vegetation as a possible source of qrigin, 
although reference has already been made to the smaller 
algae, such dfe nullipores, as well as the diatoms, «>when 



44 * OCCintRiCNCB AND GEOLOGY OF PETROLEUM. 

^ derivation from marine, or acjuatic, micro-organisms 
was being discussed. 

As has been mentioned before, it is possible to produce 
liquid hydrocarbons from certain kinds of seaweed, and 
marine vegetation may coiteequently *be regawied as 
providing possible raw materials for the nalttral pro-, 
duction of petroleum. 

Marine i'T^egetation thrives for the most part in com- 
paratively shallow water, or on littoral tracts, more 
especially between tidal limits, frequently being washed 
together by the waves into accumulations on the shore, 
and such may become covered up and buried, as in the 
case of the ‘‘ warp deposits, found on the east coast 
of England. Doubts have been raised as to whether 
sufficient quantities would be available, or as to whether 
thd areas, over which the marine vegetation spread, 
would be sufficiently extensive to furnish adequate 
material for producing any considerable petroleum 
deposits. 

It is, however, under shallow-water^ conditions, such 
as on littoral or estuarine tracts, or in basins, that petrol- 
iferous strata have most frequently been formed. Further- 
more, series of strata containing petroleum often exhibit 
evidence of former land-surface?4, the presence of which 
must have been preceded and followe^ by exten'^jve 
shallow-water conditions and shifting tidal regions ; this 
would be more partiqularly significant in the case of 
formations containing* successions of coal- and lignite- 
seams — as in Borneo, etc. — whifh indicate secular oscil- 
lations centring about the sea-Jevel, whereby large areas 
mus^ h^ve been at the same time and on several occasions 
tinder very shallow water, and extensive tracts “would 
of neeessity have been situated between tid^l limits, during 
the gradual transgressions and regressions of the sea, such 
a coAditifon being favourable to luxuriant growths of 
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igarine vegetation. Thus, even iR the case of oM-deposi^p 
in coal- and lignite-formations, msTrine vegetation may 
not haiie been an improbable factor in originating some 
of the petroleum, and it is not inconceivable that, while 
the tjo^l- and lignite-b^ds #ef)reaent land-surfaces, some 
of the •ifttermediate deposits containing petroliferous 
hedi^might repre§ent shallow-waterconditions or stretches 
of tidal' flats harbouring an a]j>undant msyine floi'a. 
Morgover, it is also possible, that tlie land - surfaces, 
covered with dense vegetation, might merge into such 
tidal flats or shallow water, with the accompanying 
marine vegetation, and consequently when the land sank, 
the conditions would be provided which might render 
possible the formation of carbonaceous, seams passing 
into a petroliferous formation, the existence of which in 
some localities has sometimes been reported. 

It is not improbable, moreover, that marine floras 
may have been more abundant in former times, and that 
various differing conditions may have sometimes favoured 
a luxuriant growth. As in the case of carbonaceous 
formations in regions where there is now a paucity of 
terrestrial vegetation, which present condition cannot 
be taken to suggest that there was insufficient in 
the^past to provide for*' the material in the coal-seams, 
so, in the case of marine vegetation, it cannot be evinced 
that {here maj^ not have been a greater abundance in 
the past. In tms respectj^ it was suggested by the late 
Professor Vivian Lewes,* who advocated this hyi)Othesis 
of origin, that the differing conditions in the composition 
of the sea and of the atnjosphere in former times might 
have conduced to large growths of marine vegetation. 
Moreover, as was^jalso pointed out by the sanS'e authority^ 
very considerable quantities of marincf vegeta^oh^exist 
in some parts of the* world at the present day*; while, 

* Cantor Lecti|res, “ Oil Fuel,’* Joum, Soc. Aris, vol. lA., No.i3l.57«{1913).. 
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jiudging «{rom the extent of tho former kelp-industry, 
the^ quantity obtainable in the British Isles was by no 
means inappreciable. 

The advent of marine vegetation must have preceded 
that of terrestrial vegetation — and even that of ahimal 
life — ^and thus may have been the first organic appearance 
on the globe. The -diatom^ were probably among the 
le'arliest appearances, ^yhilo these may at all time& have 
constituted an important* factor in the source of bitumen. 
It is then probable that the older deposits of petroleum 
have been mainly dependent on a marine vegetable 
origin. 

Other objections which have been raised to the marine 
^vegetation hypothesis are the absence of bromine and 
iodine * and the presence of sulphur in natural oils. 
, These matters were also considered by the last-mentioned 
authority, t who surmised that the halogens present in 
the sea would have been in much smaller quantity at 
the time when the petroleum-deposit?^ were formed, and 
the amount of bromine and iodine salts would have been 
very small indeed, and, in any case, the percentage 
taken up by the marine plants would probably have 
been inconsiderable. In Tertiary dimes, however, there 
may not have been so very * much difference in^ this 
respect from the present. In this connection reference 
may be made to the iodic springs tha/b occur fn <?'ali- 
fornia, in association^ with the petroliferous Tertiaries. 
Also, iodine has been detected in the brines connected 
with seepages an(^ mud-volcanoes in the Tertiaries of 
Nevr Guinea. J 

In r/^gard to the sulphur present in petroleum, it has 
tbeen showL that sulphur is contained in certain fprms 

•' * •• 

* (!anningham> Craig, E. H., “ Oil Finding/' 1914, pp. 23*24. 
t Tjewes, V., Jowrn^ Site, Arts, vol Ixi., No. 3157 (191,3). 

* } Wade, A., “ Report on Petroleum in Papua/’ iq'4, p. 30. 
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sea- weed.* Howevep, the sulphur contained in bitumep 
and petroleum varies in amount very considerably, seme 
being cemparatively free from it ; while it need not be 
supposed that all petroleums, including those containing 
hign percentages of s^phur/ ar^ derived from marine 
yegetatieil. Moreover, sulphur can have been introduced 
fion^ extraneous, sources, e^^har contemporaneously or 
subsequently to the genesis of the Jl^itumen or ijetroleunl % 
or, ij could be formed by the decomposition of gypsum, 
or iron pyrites, by organic acids, which latter mineral 
appears to be a probable source of the sulphur in coals. 

Traces of several other inorganic substances, however, 
have been found existing in crude petroleum. 

More recently, J. E. Hackford f has, advocated, on 
chemical grounds, a derivation from marine vegetation, 
in connection with Mexican petroleum, in favour of which ^ 
evidence is adduced the low nitrogen and high 

.sulphur contents, the number of metals found in the ash 
obtained from the oil, and the absence of •appreciable 
amounts of aromatic compounds. 

Concerning the subject of a derivation from algse or 
aquatic plants, it is of interest to note the occurrence 
of a deposit, in Portuguese East Africa, bf a substance 
(terpied n’hangellite, af«er Lake N’hangella) resembling 
elastic bitumen or elaterite, and yielding petroleum-like 
oils on distillation, the matrix of which appears to be 
derived from gel&tinous oifeanisms, said to consist of the 
blue-green algae (C'hrococcaceae), and which also contains 
diatoms. It has been suggested J thgit this material may 
represent an intermediate stage in the conversion of 
aquatic vegejtation into bitumen. A somewhi^t^ similar 

♦ Lewes, V,, Journ, Soc. Arts, vol. Ixi., No. (1013). ^ Mgre I’eccntlj^ 
certain algae ha'|e been found — b}' Messrs. iloaglanS and Lieb-^d) gontain 
5 to 13 per cent, of sulphur., • • 

•fJourn, Inqi. Pet, Tech,, vol. viii., No. 30, pp. 196 and 197 (Feb. 1922). 

} Dalton, L. '\j^'Econ, Qe6l.„ vol. iv.. No. 7. p.*618 (1909). 
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(Substance (named coorongite, and also analogous .to 
ela^erite) is found in South Australia.*^ 

Allusion may here be made to the possible crigin, in 
the case of some local occurrences, by means of the dis- 
tillation by natural heat of oil-shales at depth, Where 
such may be present, the hydrocarbons cohdiensing in 
superincumbent porous'* befls ; such can actually <be 
cdbservedeto be the (jase where volcanic or dykd-rocks 
intruded among oil-shales have given rise to local occur- 
rences of petroleum. The organic matter, known as 
“kerogen,” which is present in oil-shale and on dis- 
tillation yields fluid hydrocarbons, has been considered 
to be due, in some cases, to large numbers of minute 
gelatinous unicellular algse, as also possibly to the spores 
of plants such as lycopods— conclusions which the micro- 
scfopic examination of the shales seemed to confirm ; 
in this case, then, the petroleum derived from such oil- 
shales would come under that of vegetable origin, f In 
like manner the oil-yielding cannel and boghead coals 
have also been supposed to be either algous, or com- 
prising spores, in their composition and formation. 

But, as has been suggested, it is possible that the oil- 
producing quUlity of cannel coals and the yellow micro- 
scopic bodies (or “ gels ”) foiftid in such may be duo 
to the presence of resinous substances 

In the case of the shales, however, '/he oil-producing 
property may generally originate fronr solid bitumens- - 
or “ asphaltic pyrobitumens ” — in a finely divided state, 
disseminated through the rock In some cases, moreover, 
shales occur containing solid bitumens macroscopically 
apparcyit, or in a large enough amount in order to permit 
‘•deteriiiinat on of the properties and species of bitumen 

+ In niUny oil shales, howc\er, tho bituiniiious ohara^'ter is probably 
due to dis<^enii nation ot particles of bitumen, such as “ wurt'«ilite,’* “ albert- ’ 
ite,” #tc. » 
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Present. Thus, there ’are found, pnd have Ix^en (U> 
tinguished as, “mirtzilite,*’ “albertite," and “impsonite " 
shales, «tc., as the case may be. While of a similar nature 
mayjbe the “ Torbaniteg.’* Ap an extreme ease might be 
taken the “ TajSmanite shale, ^ound near tlie River 
Mersey in Northern Tasmania, in which a bituminous 
>stibs&anco, formerly regarded 'as h ‘‘ dysodile,"' * but 
analogous to albertite, occurs in rdativtily larg^ grains. * 

ln« connection with processes of origin some I have 
distinguished a “ bio-chemical and a “ dynamo- 
chemical "" origin, in the formation of oil and gas ; such 
taking place in the dynamo-chemical ” method undc'r 
the influence of pressure and heat- -more especially that 
duo to deformation — in the same way as -the jiroduction, 
of methane in, and the loss of hyckogen from, coal — 
when subjected to heat or pressure. 

The effect of the dynamo-chemical agency, wliile 
mainly conducing to the formation of gas, has been 
supposed to lead do the production of lightbr oils — on 
account of condensation of the gas so produced, as well 
as by alteration of the pre-existing petroleum (in a 
similar manner as ‘‘ cracking oil under pressure) ; 
and in this way the frequent relationship of very light 
oils ^|0 much deformatioil, as also to the character and 
stagjB in the metamorphosis of associated coals, may be 
explained. ^ 

In this direction, some* important researches have 
been made by D. White, J with refbrence t() occurrences 
in North America, who has formukited a hypotliesis 
to the effect that the grade of the oil is related to that 

* 

♦Churc%, A., Chem. Njrws, voI. vi., pp. 122-123, and PhilsMng. (Kdin.), • 
vol. xxviii., pp. 405-410. <• • » 

H. Johnson L. (1. Huntley, Principles of Oil and Gd^ PiSduc- 
.tion ” (1916), p. 22. 

t ** Some Re) itions in Origin between Coal and Petroleum,'' Jovrn. Wa'*h 
Academy of Sc., vA. v., pp. 189-212 (1916) ' 
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(£ the c6al — where bolh products occur — ^in that the 
heavier oils are associated with the least altered, or high- 
volatile, coals, and the lighter oils with the low-ivolatile 
or more metamorphosed coals — the latter having been 
brought to “ correspondingly hig^her ranks " as J)h^ oil. 
And further, that in regions where the devolatilization of 
the organic deposits Ifeis passqd a certaiij point, ms^fked 
ki most pnf)vinces^ by 6p to 70 per cent, of fixed carbon 
in the associated coals, •commercial oil-pools are^ not 
found, although commercial gas-pools may occur. 

Although these conclusions seem to apply in the case 
of certain fields in l^orth America — e.gr., especially in 
the Appalachian and Mid-Continental regions, such 
^cannot be saidrto hold good elsewhere, or be acceptable 
as general laws. 

From such considerations it would be expected that 
the ratio of gas to oil in formations would be directly 
related to the amount of “ dynamo-chemical ” agency, 
or deformation and pressure to which they have been 
subjected ; but such is not the case, for gas-pools, 
accompanied with little or no oil, occur in formations 
that have undergone little deformation. 

Conclusions. — While it appears • advisable to ac(‘ept 
organic hypotheses of origin, ^ as affording the piost 
prf)bal)lo sources of derivation — in any case in respect of 
large dei)osits of petroleum — the very yhried conditions 
under which bitumen occurs, ‘and whereby it must have 
been formed in or entered into the rocks which contain 
it, also its diversity in type and composition, indicate 
the futility of confining acceptance to any single mode 
of origin. Indeed, sonte individual deposits may not 
®have entirely originated in any singly manner #r from 
any t single groul) of organic matter. It (^n be shown 
that under suitable conditions it is possible to produce 
hydFocarbons* from' any of the classes of f afe^ materials 
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Aat have been mentioned, and, ii> the light of present 
knowledge, it is not desirable to discard the others for 
the saRe of advocating one particular derivation. The 
posable sources^ of genesis jmy all have contributed, in 
a greater, or less extent, to the dissemination of bitumen 
•in the sedimentary deposits, Jbef^re accumulation was 
cflflfe(f^ed.by migration, presJSure, and the advent of goo- 
tectonic movements which, comfcineci with ^he action 
of ^%ter, brought about concentration ; while the trans- 
portation theory and the data as to the behaviour and 
deposition of i)etroleum in water, containing clay- sedi- 
ments, may throw much light on the manner in which 
the petroleum originally accumulated and got into the 
beds in which it is found. 

•Whatever obscurity may bo held to surround the origin 
of bitumen, there can be no doubt as to the source of* 
derivation of coal, and that this is the spe(*ific substance 
resulting from the metamorphosis (»f terrestrial vegeta- 
tion. .But bitumdh is a substance of nuich wider and less 
restricted occurr<ince and origin, and it is, therefore, 
necessary to take into consideration all possible sources ; 
while all classes of organic matter are cajjiablc of giving 
•rise to it. 

Ereii an inorganic origin cannot be entirely discnHlited, 
as ^asfs exist where some small quantiti(‘s of bituirien 
may have arise\ in this planner ; for bitumen is not 
infrequently found contained in igneous rocks — as also 
graphite which may sometimes b(» a residual product 
of bitumen, and in many of such o^curnuices- -notably 
in those found as inclusiorife in crystal cavities — it ca\inot 
be regarded as being migratory ; while it has been JleifLon-^ 
strated that petrdleum is found diffused — maini^ rin the 
gaseous condrtwn — in igneous rocks. Furthermore, even 
a cosmic (vigin may be possible, the, ease of^ the 

Kabaite ” round in meteorites shows that there exists 
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bitumen which is n^t of telluric brigin. But there aup 
probably no large deposits, or supplies of any commercial 
value, which have inorganically originated, and the^ptical 
inactivity of the inorganic ^roducjt and the environijient 
or conditions of occurrence of i)etroleum, so far fas the 
j)rincipal deposits are concerned, constitute evidehce con-, 
tr^iry to the acceptance of siieh a derivation. 

* To restrict tlm origin to any specific source— as to 
that of terrestrial vegetation— would be also restricting 
the conditions under which bitumen may be likely to 
be found. 

The possibilities of an origin from micro-organisms 
would perhaps seem to be more generally evident, and 
to be the morcf frequently supported by available data 
in the field, especially in the case of the Tertiary deposits ; 
•while, as in^the case of the observed occurrences mentioned 
earlier, conditions are to be found which would certainly 
appear to indicate that other or larger forms of marine 
organisms have given rise to the formation of petrqleum. 
The terrestrial vegetation hypothesis, ofi the other hand, 
would seem to have less in respect of geological and 
chemical facts to commend it, although rendered more 
practicable by the possibility of the co-operation of the 
sedimentary transport of oil. It thus appears thah the 
marine organic hypothesis is the most generally accept- 
able, and that marine organic renifans have con- 
tributed the most important factor in originating pe- 
troleum, the fatty tissues having provided the principal 
source.* 

From a synthetic point of* view, however, since the 
souiyicsp-ef Ijeat and energy contained in aU combustible 

* Jn tTiCj^aae, ho>\eier, of animal remain**, the ooturreimc and formation 
of “ afiipd'ere ’* woul^ tend to indicate that even tht musv. le-tisaucs tiro 
capable, in favourable circumstances, of onginatin^i; substan^'es analogous 
to, or-prodjuctive*of, bitulnen (so that the source of orimn'may not have 
been dependent merely on the fatty parts). 
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gjibstances must be (lerived from the sun, it^ might i»e 
considered, at first sight, that terrestrial vegetation 
would •appear to afford a medium better adapted for 
receiving and retaining solar energy than animal life or 
aquatip vegetation (m viiose ienvironment the inter- 
^ ventioiF of water would mitigate the transmission of 
•ucjjL influence), .although ^he diatoms are not unfavour- 
ably*situated in this respect. 

!^t it should not be forgotten that coal is the com- 
bustible substance representing the stored potential 
energy directly derived by means of terrestrial vegetable 
organisms from the sun, and that* the tissues of animals 
likewise possess the property of assimilating potential 
energy, although in this case indii’ectly derived (througji 
that which they consume). 

What, then, is the combustible substance arising froqj 
the burial and preservation of animal and marine organic 
remains ? It would seem strange were no such substance 
formed also from marine organic remains, since accumu- 
lations of such remains- -especially littoral and estuarine 
— are always su\)ject to burial by sediments, and more 
so than the terrestrial which require, for adequate 
entombment, special conditions and relatively rapid 
terrestrial movements-*-or successions of such — that 
are not always and everywhere in operation. Besides 
coal, bitumen ^s the only other combustible substance 
found ,in the sfedimentai^ rocks. From this, then, it 
would appear as very suggestive that bitumen is the 
combustible substance j^roduced b^ animal and marine 
organic matter, when nol# subjected to ordinary su^aerial 
decay, and, when the tissuejf and the decomposition- 
products are saved from dissipation (along witt the 
potential eiier^y) in the gaseous form. 

In this way, then, it might be e>i5[)ected tfiat more 
bitumen ahf uld be formed than coM ; aftd such indeed 
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would seeFi to have beet the*case^ For, not only is the 
former more general In occurrence, but (in consequence 
of the different nature of the product, as being subject 
to dissipation and the provision of particular structural 
conditions for arresting e^ape) ^the present deposits 
can represent but a very fractional amount* of what 
, has been actually formed ,and become Iqst. To accc)unt 
for* all the |;reat quantity of petroleum that must have 
been originally firmed, fhrough all geological t^e, 
would demand too much from terrestrial vegetation 
and the conditions of submergence and burial required ; 
especially as there is little or nothing to indicate that, 
in early geological ages, any considerable amount of 
terrestrial vegetation was in existence. 

*It must be considered that petroleum -deposits can 
seldom be indigenous to the reservoir-rocks that contain 
them. The latter, in the great majority of cases, consist 
of arenaceous deposits — or sometimes of coarser-grained 
material — and it is not to be expectejJ that the con- 
ditions attending the deposition of such material would 
be favourable to the existence of organfc life, while oil- 
sands are generally devoid of indications or remains of 
organisms. Also, it cannot be consi(fered that petroleum 
or hydrocarbons of that type would be the sole prodpet 
of the decomposition of the raw materials, without any 
other ])roducts or remains of organic n^itter, whfereSs 
such would seem to be the ceoM if the accumulations of 
petroleum were indigenous, which would then represent 
a complete transformation from the original materials. 
Moreover, it would appear tha^ ‘argillaceous sedimenta- 
tion is a favourable condition of formation. In cases 
wjiere^'arenacj^ous deposits contain organic remains, the 
latter appear to have seldom been converted injo bitumen. 
Hence, ^ niovement* of the petroleum from* the seat oi 
origin ^to j)orons beds, where accumulation hnd con- 
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cgntration have taken ^lace, may be considered to ha'\^ 
been generally the case. 

In regard to the conditions and process of formation 
from^ organic matter, such wpuld consist, following the 
primary requireAent of lhe*rapuUcovering-u]) and burial 
pf the fnaterials by de])osits - preferably argillaceous,” 
o< ^ selective juitrefacticq by bacterial action under 
anaei?)bic conditions (whereby n^st of the nitrogenous 
mat%>r would be first eliminaited), and further decom- 
position and modification under increasing pressure, with 
subsequent distillation, separation, and selective migra- 
tion. Possibly at some time during the process of modi- 
fication a certain amount of heat may have been available, 
which may have been due to pressure, heg^t gradient, and 
possibly friction attending the folding movements, as 
w^ell as chemical action and fermentation, and have aided^ 
in the transmutation or distillation ; but timi‘ may have 
taken the place, in Nature, of the high temperature 
required for results in the laboratory. As regards postu- 
lations in respect of the various chemical changes or 
reactions involved in the process of fcirmation, as have 
been suggested and formulated in a detailed manner by 
Engler, such would He beyond the scojie bf a geological 
conwderation of the subjbct. 

JK circumstance that frequently abundant organic 
remains exist ih strata unassociated with bitumen has 
been regarded 5s inconsRtent with the hypothesis of 
organic origin, but the formaticm of petroleum from 
organic matter would pnly take place under certain 
required conditions or {actors, which may be ^more 
frequently absent than present. * Moreover, the e«opditions 
contributing to the preservation or to the# destruction 
o^the hard flirts of organisms may ndt be thc*dkpie as 

* In the i \9tance, however, noted in the Ma^^akan D^lta the sediments 
were partly 8an(%. 
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those efifc'cting the conversion into bitumen or the dis- 
sipation of the soft j)arts. Furthermore, the petroleum 
may become lost by the destruction of the reservoirs, 
or through exposure and consequent dissipation and 
escape of the bitumen, the liabilitj^ for such being, relative 
to the amount of denudation and distiirbahoo which 
the containing strata have undergone, Thus accpmv- 
ta'bions are^ seldom found in Palaozoic strata, uniesil' they 
are little disturbed, as in«the older formations of North 
America, and of Central Russia. 

Finally, the required conditions or factors for the 
production of deposits of petroleum, originating 
from organic matter, may be summarized as fol- 
lows : — 

(1) Sufficient sources of organic matter (mainly marine 
and especially micro-organic) and deposition together 
with rapidly accumulating (preferably) argillaceous de- 
posits, i^ossibly in the presence of saline conditions ; or 
the transportation of the hydrocarbons ^> 5 ^ means of clay- 
sediments and subsequent deposition. 

(2) The existence of a suitable medium whereby the 
bitumen can roach and accumulate in porous beds — 
either by nieafls of capillarity and adsorption, or through 
cracks and fissures in the argillaceous or impenjious 
material. 

(3) The presence of such porous beds, Suitable to serve 
a^ reservoirs, accessible fronS the seal of origin, and 
sealed by impervious material. 

(4) The presence of winter (preferably saline) in the 
strata, or water-logged rocks, and the advent of geo- 
tectonic ^conditions favourable for effectii^ concentra- 
,+ion— or th^ occurrence of a differential porosity adequate 
for pj*cKl^\eing sel<^ctive segregation. 

Tlie ftrst-mentSoned conditionary factors (1) and (2) 
are ijot j^ipplieablc Vo (.ccurrences con.sideii'(T to be in- 
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djgenous, as in limestones, but probably man}* of such 
cases may be due to impregnation. 

For the operation of “ Dynamo-chemical ” agency, in 
the further origin and modification of gas and oil by 
this prgeess, the requ'&ite •conditions of pressure and 
tempjBrariihe must, of course, prevail. 

Lastly, it is de»sirable to conaidei* that bitumen is not 
only %>f restricted or sporadic occurrence, but fairly; 
widely and generally distributed and disseminated 
throughout the rocks, although it only becomes con- 
spicuous or occurs in notable deposits where con- 
ditions favouring accumulation anti concentration have 
obtained. 
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CHAPTER III. 

THE STRATIGRAPHICAL DISTRIBUTION Of* 
Pl^TROLEUM, AND STRATIGRAPHICAL 
CONSIDERATIONS. 

Contents — Preliminary Observations and Practical Utility of Enquiry as 
to Geological Age — Prtwalence in the Tertiaries and the Cretaceous — 
Frequent Association with Deposits of Oligo-Miocene age — Broad Strati- 
graphical Distribution and General Arrangement round the Globe — 
Considerations, regarding Age of Deposits and Correlation in Different 
Regions or New Countries — ^Review of the Several Occurrences in 
Various Countries with reference to Geological Age — Further Obser- 
vations of Stratigraphical Signiheanee — General C'haracteristics of 
Petroliferous Strata — Summarized Table of the Main Stratigraphical 
Subdivisions. 


Although • geotectonic aspects are sometimes regarded 
as the most important in relation to ^accumulations of 
petroleum, stratigraphical observations are obviously 
of the utmost consequence, and it has accordingly been 
deemed advi^ble to refer to this part of the subject, 
first. 

In many regions petroliferous beds may occur with 
considerable constancy between definite; although gener- 
ally broad, horizons, ^or the principal deposits may be 
found in the same series, and this condition may some- 
times hold over ext^ensive areaij. As, for example, in the 
0au9asus, where, although not always occurring within 
identicfil horizons (for*^ the beds may^, of course, 
become tecrainated by lateral variation), th^ more 
impQrta 4 nt petroliferous deposits belong fov the grea^.er 
part to horizons of Miocene or Upper Oligocene 
age, < while* irf certain areas of considerable extent the 
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richest deposits often lie mostly* within compdratively^ 
narrow ranges. The same may be sai& in respect of most 
petrolife^us provinces, in that the principal oil-bearing 
strata are mainly confined to a^articular series or stage. 
It is then obvio\»s that* in#exteijding exploration and 
exploitatieil into fresh areas, the ascertainment of the 
co^aparative age of the beds ^andL the» investigation of the 
stratigraphy become of prime importance. 

The^ actual oil-containing bedstusually,* of course, occur 
at several separate horizons in the oil-series, and rarely 
individually extend for great distances — as they may 
thin out or be terminated by variatibn in the lithological 
character or porosity, as well as ceasing to be oil-bearing 
on account of their structural position. In spme instances, 
ho'vs’evcr, individual horizons may extend or be traced 
for considerable distances, while sometimes the same 
bed may again become oil-bearing where ffivourable 
conditions recur, as in the Appalachian region, where — 
e.<7., the Hundred^foot and the Berea or thirty-foot 
sands are of great extent; also widespread are the 
productive sand-beds in the Mid-Continent fields, in 
some regions separate petroliferous horizons may be 
very numerous, or, again, they may be pibsent over a 
wide ^tratigraphical rang®, as, for example, in the Ai)- 
palachian and Lima-Indiana fields of the United States, 
wher^ petroleum has been found in strata ranging in age 
from the Carboniferous to th^ft Ordovician. 

Even in petroliferous areas where lateral variation is 
very marked, as in the case of forpiations deposited 
under estuarine or deltaic <jonditions, or in basins, such 
as are frequently associated with f/il-deposits, petrqjjfcrous 
strata may be found at similar stratigraphicai positions 
in s^arate inc^^vidual basins and, in this \vay, repgatqdly 
recur under such similar conditions, the separated localities 
of this desciip^on being sometimes distributed ovji'r vpde 
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distances (as, e,g.^ in 'Borneo, and elsewhere in the East 
Indies). 

It may be mentioned, however, that strata containing 
oil-deposits are by no means invariably, or even generally, 
of estuarine deposition, or#ass(foiated*with rap^d 'lateral 
variation, as has sometimes been suggested } in some 
cases, on the contrary *(as, e.^., in so^ae of the I^uss^an 
and American and Canadian regions), petroleufn may 
occur in strata of * nv)re extended and maripe de- 
position, where the beds may be comparatively persistent 
and show no rapid lateral variation — although all beds 
must, of course, thin out and ultimately disappear ; so 
that well-defined and recognizable deposits or horizons 
may be found^ extending over considerable areas. 

Moreover in the Cretacious of Western Canada 
m the regions of Alberta, and the north-western plains), 
there is ^‘persistent and vastly extensive petroliferous 
phase within certain horizons. 

fStratigraphical considerations, therefore, may be of 
primary consequence, and are always of much importance 
in oil-finding. While there is the additional necessity 
of stratigraphical investigation in order to ascertain 
structure, eispecially where the Jatter may be obscure 
on account of the absence oh exposures or well-(Jefined 
bedding in the strata, as is so frequently the case. 

In this connection, however, it may be noted* that 
usually, in most pctrolifelous regibns, the presence 
or indications of petroleum are subsequently discovered 
in the series lower than the beds first found to contain 

r 0 

petroleum and developed, o^ wherein the main or most 
conspicuous accumulations occur. Thus, in Trinidad, 
strtita loA^er than those of the Middle Tertiary series 
containing the snain deposits which were ^rst developed, 
have 'subsequently proved to be oil-bearing, W'hile on 
the, m§/inlaiid, in^ Venezuela, still older (^strata exhibit 
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sigjis of being petroliferous. Likewise, in Russia, thc< 
presence of petroleum — although in this instance ex- 
tending •ver wide regions — has from time to time been 
brought to light in formations /)lder than the Tertiaries 
which in, the Caitcasus feoniitin the principal deposits ; 
fgr example, petroliferous occurrences have been found 
in •the^ Cretaceous of the Cai\casi«in rfnd Casi^ian regions, 
and iif the Ural-Caspian area the Cretaceous as also 
the Jurassic, has proved to be* oil-bearing ; while still 
farther north, in the region on the east of the Volga, 
petroliferous occurrences exist in the Permian (Zechstein), 
and also in the Carboniferous, upon which the former 
unconformably rests. If Northern Russia be included, 
oil-bearing beds of Devonian age are found in the Uchta 
district, and thus in European Russia petroleum is now 
known to exist in strata of nearly every age from I)evonij<*n 
upwards. 

In regard to the general stratigraphical distribution, 
petroleum has been found in various parts of 4he world, 
in formations of practically every system or principal 
subdivision, and appears to have been produced at all 
periods of geological time, from the era of the earliest 
appearances of organic life on the face of^the globe to 
the ejose of the Tertiary^ and perhaps it may be said 
even until the present day. The occurrence of petroleum, 
however, reaches its greatest abundance in formations 
of Tertiary age, aiid appeals to attain its zenith in the 
Miocene — especially in the lower part of that formation 
and at the close of the (^ligocenc, o(; somewhere about 
Aquitanian times. The major part — about three-fift^j^s — 
of the amount of petroleum so fafr produced in the, world 
is obtained from strata of Tertiary age, and 2he bulC of 
thaj) comes ^ojn beds which are probably as^ghjible 
to the Lower Miocene (most of the refnainder coming 
from the littlddisturbed older strata of North America). 
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^ It is ^ot surprising that the 4ater formations, or the 
Tertiaries, should thus yield the most petroleum. Crustal 
movements and influences, whereby strata have become 
disturbed and fractured,^ have been in operation ^at all 
periods of the Earth'®' histcfry, and sinbe the older rocks 
must have been subjected to more of these disturbing 
influences than the *f ormatipns of later origin, they Are 
.Also more liable to have become disturbed an3 frac- 
tured, thus affording greater facilities for the escape or 
dissipation of the petroleum, while there has been a 
longer period of time for this volatilization and escape 
to take place. Furthermore, upward and downward 
movements of the Earth's crust, whereby land and sea 
have from timp to time changed places, having repeatedly 
occurred, the older formations are the more likely to 
have been on the more frequent occasions and for a 
longer tofal period uj^raised above the sea, and thus 
exposed to denudation, by which the oil-reservoirs have 
been demolished and their contents allowed to jpeeome 
<lissipated. 

Thus, when petroleum does occur among older stiata, 
it is usually found in these cases that they are com- 
paratively uiftlisturbed, as, for example, in the but little 
inclined strata of the Appahfohian and Lima-Intliana 
petroliferous regions of the United States, in tjie case 
of the oilfields of South-Western Ontario, or in that of 
the nearly horizontal Permiait beds of (Central Russia. 

In this way, then, • stratigraphical considerations have 
a further significance, inasmuch as, if a disturbed series 
of strata prove to be of Palaeozoic age, it is not likely 
that tl^ey will be favoursfble for productive accumulations 
•lof petrolea'm, while even formations of Mesoz6ic age, 
whep ‘muoh distorted, rarely give good re;^su(ts. 

So predominaht is the Miocene formation (particularly 
the fLo^ver Miocen5, and to some extent thcluding also 
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the Upper Oligocene) ip respect hi its association with 
petroleum that such might well \>e designated the^ 
“ Petroliferous Period,*’ and the frequent occurrence of 
oil-bearing strata of this age^ cannot be regarded as 
merelj^ fortuitous. In • particulai^, this association is 
most striking and frequent (especially in the Tropics) 
in^onnection with the lowest Miocene, often characterized 
J)y beSfi containing Lepidocycline Orbitoides,* v^Jiich. beds , 
may ]je regarded as of Aquita^aii age' and sometimes 
extending to the Oligocene. Perhaps the most striking 
instance of this affinity of petroleum for strata whioli 
are assignable to Middle "JVrtiary and probably Miocene 
age is to be found in what might be called the great 
l)etroliferous belt of the Far East. Oommeneitig at the 
No/'th, in Kamschatka, and i)ossibly alho in North- 
Eastern Siberia, petroliferous Miocene next a])pears in>a 
belt extending «ilong th(‘ island of Sakhalin; through 
Hokkaido, and down the western (*oast of the mainland 
of Japan Extending southwards through Formosa 
(where Aquitanian Orbitoidal beds occur), it a])pears 
again in the Philippines (where J<e})id(K line Orbitoidal 
beds arc again found) t ; while there is also a re- 
ported occurrence on, the other side of the China Sea 
in Annam. Southwaids of the Philippines, peti olilerous 
strata of Middle Tertiary or Oligo-Mioeene age attain 
great cfevelopment in Borneo — above and below the 
horizon of Orbitoidal (Lepidocycline) limestoiu -and 
the general line extends still farther south to Madura 
and Java. The same conditions are found westward, 
in Sumatra, while at some distance northward, forma- 
tions of more or less similar age, which are fiil-beanng, 
appear ^gain in Burma and Assam. FroiT|^ Sunuftra 

* 5ften associaild \nth the alga “ Lithothamnium 

t Smith-Warrerv D., Econ. GeoL, vol. iv , No. a (Apnl, 1909), “ The Coal 
Resources of tue i^hihppme Islands," p. 229. * 
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;ind Javfe the general trend runs eastward by Timor, and, 
as some occurrences in Celebes are probably also of Mid^e 
Tertiary or Miocene age, it may extend from Borneo 
through Celebes to Ceraip, w^iere petroliferous beds are 
found, and arc possibly ppeseiit as well in tbp i^ands 
of the Molucca Group. Proceeding south-eastward, the 
petroliferous Miocene 8)gain appears , in New Guinea, 
.'vC^hile sty I farther south-east, similar conditiolis are 
found in the North Island of New Zealand ; moreover, 
a few occurrences in Australia appear to be also of like 
age. Doubtless, further discoveries and correlations 
will serve to diminish the intervals and to extend the 
known distribution of this great petroliferous Oligo- 
Miocene seque,nce. 

Curiously enough, the main trend of the great belt 
just described — leaving out of account Burma and 
Assam — ^follows in large part one of the great lines, 
or system of lines, of vulcanicity which traverse the 
planet. 

Then, again, if the great belt of the Tropics is followed 
round the globe, it is also found that the known deposits 
of petroleum favour strata of Middle Tertiary, or Oligo- 
Miocene age, Ih a remarkable manner. Thus, commencing 
in the Eastern Archipelago, wiiich contains the several 
and important deposits of the Dutch East Indies, and 
proceeding westwards along tropical latitudes, * the 
petroleum-deposits, principally conttiined in strata 
of Miocene age, in Burma and Assam, are next noticed. 
Still farther west, t*here are the petroliferous areas of the 
Pupjab (where oil occurs in^the Miocene as well as in 
the Elorene) and of tlte region situated^ north of the 
Persian Gulf, which are not far removed fr^am the 
TropiCs; in both of which regions Orbit^idal (Lepjdo- 
cycline) beds, j^robably of Aquitanian age, are found, 
while there are alleged occurrences on thcl-sbuthern and 
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ejisterii boasts of Arabia. North o^ the forme# 4?egion^ 
if a further (Jfvergence from the Tropics is made — ^lies 
the petroliferous belt of the Caucasian and Caspian 
areas, in which Miocene st^ta figure most promin- 
ently, ^tendingf in an^ easterly end westerly direction, 
to Transcaspia on the one side, and on the other as far 
ac t];Le Crimea. aNot muc^ farthet west, in about the 
same*trend, this is continued again jn Roumania and 
the jCarpathians. The northern' part of this latter 
petroliferous province, however, extends somewhat 
farther north to Galicia ; while, at about the same 
latitude, petroliferous Miocene (as well as Pliocene) beds 
appear again in Northern Italy. Again, almost through- 
out Northern Switzerland, and in part of .Austria, the; 
Aquitanian beds are more or less associated with bitumen. 

Returning to the Tropics, and continuing the survey, 
in a westerly direction, there are next noticed the oil- 
deposits of the Red Sea or Gulf of Suez region, which 
are largely of Miocene age, while, on the other side of 
the continent of ^Africa, occurrences of petroleum are 
observable in West Africa — including the bitumen- 
deposits of Southern Nigeria, which, although Pliocene 
fossils have been found at the outcrop (“^jebu Beds ”), 
are probably derived frofh older Tertiary strata beneath. 
To the south in the same continent, indications are 
found in Portuguese West Africa (Angola), and also 
in Mozambique,* where <he Miqcene Orbitoidal beds 
occur. 

On the other side oi^ the Atlantic Ocean, Miocene 
petroliferous conditions are again evident in the Carib- 
bean region— gc.gr., in Barbados, *Trinidad, ai^ \SGiie|uela 
{although also present at lower horizons), whMe yie same^ 
conditions a^pj^ar to extend to Colombia. In «dime of 
the districts Ipf Mexico, oil is found in formations of like 
age — althougm to a large extent it tfiere occurs* in older 



66 OGCU^aR^NCE AND GEOLOGY OF PETROLEUM. 


(PretaceoKis) strata. Only a smaU transgression beyond 
the northern limit of the Tropics would take in the Texas 
and Louisiana Gulf Coastal Plain, where oil-deposits 
are contained in beds ^of the same age. Further- 
more, in Peru, yet ag^^in in** the^ tropical zone, JMificene 
petroliferous beds are in prominence. 

Tt will thus be seen that practically all the well-knowjn 
deposits ii^the regions of the Tropics are in large measure 
contained in strata which are probably assignable tp the 
Miocene, or Oligo-Miocene. 

In the more northern latitudes of I he continents of 
Europe and AmericaMhe principal petroliferous regions 
appear to comprise, for the most part, strata of Palaeozoic 
age. Thus, ii;i North America, there are the Liina- 
Indiana and Appalachian groups of fields in the Unitpd 
States (where the strata, although of ’wide range, are 
comprised in the Palaeozoic), the Mid-Continent fields and 
the Canadian fields in Ontario and Quebec ; while on 
the extreme east, in New Brunswick a^nd Newfoundland, 
])etroleuni and gas occur respectively in the Devonian 
and in the Ordovician (with reported indications in 
the Cambrian), this last being among the oldest known 
occurrences. V)n the eastern side of -the Atlantic, while the 
deposits in North-Western Germany — those in ^Han- 
over, Brunswick, and Holstein— -are principally contained in 
the Mesozoic (e.gr., in the Trias, Jurassic, and Cretacedus), 
petroleum is there also conned. ted with 'the Permian, and 
there is to be noted in (Vntral Russia an extensive area 
occupied by Permifin strata which are frequently petro- 
liferpus, together with some occurrence in the Carbon- 
iferous .-^wh^e, in Northern Russia, in the neighbourhood 
’of ticlita, oil-bearing strata of Devonian age are found. 
It iS(jlot improbable, moreover, that the sapie conditions 
may prevail on the other side of the Uralsjf but there is 
as yet little definite information availabte concerning 
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Sjberia, although Palieozoio occungencea are lEound m 
Northern China'. 

South of these PalaBozoio occurrences, in both the 
continents, of Europe and America, and north of the 
Tropics,* Mesozoic stratfl arS more of tei]^ associated with 
petroliferous areas — although often in conjunction with 
the l^rtiaries ; while, in CjtlifcirnisP, Tertiary petroleum 
extends comparatively far north, ^althcjugh its presence 
in Mesozoic beds is also known there. From what 
little has been ascertained regarding the occurrence of 
petroleum or the stratigraphical conditions thereof in 
Northern Asia, there is apparently a somewhat similar 
arrangement of predominant distribution discernible at 
corresponding positions, or latitudes — e.gt, in Ferghana^ 
Province, where petroleum is found in (presumably) 
Cretaceous,* also, in the case of reported indicaticftis 
on the Angara near Lake Baikal, in the Jurassic— although 
this latter locality is somewhat farther north ; while 
there are also Mesozoic occurrences in China, to the 
south. It cannot be said that any such general ar- 
rangement of the predominant petroliferous conditions 
is also noticeable in the Southern Hemisphere. 

Allusion has already been made to *the Tertiary 
petroliferous belt, of Sduth-Eastern Europe and the 
Caspian region. Perhaps in this petroliferous province 
the deposits, principally of Miocene age, in Algeria and 
Tunis may also be included? 

The foregoing rough generalizsfftions, which mainly 
relate to the predominant occurrenoe and general dis- 
tribution of the most noteworthy accumulations, mjght, 
of course, bcipome modified by subsequent^ diaapveries 
and revfjlations. 

is to b% recognized, however, that difficulties and 

* Although the formation there is to a large ej^nt Eocene (Lutetian) in 
age. A. de Lapplrent, ** Traits de Geologie/* vol. iii., p. 1530 (liOOG}^ 



68 oocirlat^cx! astd oeolooy of petbolbom. 

< 

, • 

WicertainViies in- cori^elating the strata in various parts 
of the world, with the several subdivisions by which the 
sedimentary rocks of Europe are classified, m^ist fre- 
quently arise. Thus, for (example, as has been recently 
pointed out by Prof.#i Douvill^/^ in the New; World 
the Orbitoid OHhophragmina may occur at higher*horizons 
than usual in Europe* and the East (where it is generally 
eharacteriatic of the Lower Tertiary) ; while it may in 
the Western Hemisphere be associated, in the same jbeds, 
with the Lepidocycline forms (most characteristic of the 
Miocene, especially the Aquitanian), cases of which 
have been observed (by the writer) in Trinidad. Con- 
sequently, beds which have been supposed to be Lower 
^Tertiary may ,he of Miocene or Aquitanian age. Not 
only is it often the case that sufficient investigations 
, have not been made, or that conclusive evidence is lacking, 
but there may, of course, have been contemporaneous 
variations in the fauna and flora in the past, just as 
they differ at the present day. Moreover, various 
authorities or investigators have not infrequently assigned 
the same deposits to different stratigraphical subdivisions. 

It is obvious that in newly explored or little-known 
countries, the correlation of strata often presents great 
difficulties, or even impossibilities, especially jvhere 
palseontological data may be scarce or not readily 
obtained. 

Considerable difficulties of this descrijftion, for example, 
are encountered in Borneo, where, in certain groups of the 
Tertiaries in some Jocalities, there is a great paucity of 
paleontological evidence (except where the Orbitoidal 
limestones ^ccur), and it lias sometimes become necessary 
-to have recourse to the estimation and comparison of 
the afncunts of hygroscopic water in the coals, in order 
to try and obtafn a general idea of the relative ages of 

« « * Comptes Rendus, vol. elxiv., p. 841 (191t). 
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tke Tertiary formation^, the coals that occur in higher 
beds, as a general rule, containing a greater percentage 
of watet than that found in those of the lower series. 

Agp*in, in some of the^ormattons of Trinidad, palaeonto- 
logical ^i^ence is scarce, or* only Consists of foraminifera, 
upon which stratigraphical conclusions have to be based. 

•In«this connection, sometimeS aid to the stratigraphy, 
or additional evidence, can be ob^iained by m^ans of the 
sepamtion of the heavy residues in the sandstones, etc., 
and a comparison of the amounts and varieties of the 
heavy minerals present. 

Furthermore, the possibility of the migration of 
petroleum, under suitable conditions, from one formation 
and of it permeating the porous strata uf another for-* 
mhtion, should be taken into consideration. 

Consequently, the following brief review of^the stnfti-» 
graphical distribution of some of the better-known 
petroliferous localities or occurrences is given with 
all reserve, whil6 it cannot, of course, approach ex- 
haustiveness, and. it is neither practicable nor desirable 
to classify them under less than the broadest geological 
subdivisions. 

Cambrian. — Canada* British Columbia, and Western 
Albefta (possibly* migrated), Ontario, Quebec ; New- 
fomidland. 

Gas in Oswego jDounty, N.Y., and Alabama (U.S.A.). 

OrdovicianJ — U.S.A., Appalachian and Lima-Indiana 
regions, Illinois, Michigan, New York, South Mid-Con- 
tinent Field ; Canada, Ontario, Quebec, Newfoundland. 

Silurian. — United States, the Appalachian group of 
fields ; Michigan, Illinois, Ohio, New York, fitdigna ; 
Canada, Ontario. 

^ - • 

Bevonian.'|-North Russia, Uchta distinct, Czek<9$|lotakia 

(Bohemia) v iJanada, South-Western Ontario, New Bruns- 
wick and Quebec region, Alberta, Athabasca tod IVIac- 
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fa^nzie ffever regions, and Manitoba ; United Stategt, 
Appalachian group of fields, Ohio, New York, Michigan, 
Indiana, Illinois and Oklahoma ; South America (Bolivia, 
etc.). 

Carboniferous.— United Sfates,'' Appalachian • region, 
Alabama, Indiana, Illinois, Michigan, Montana, Wyoming,. 
Mid-Continent and South MJd-Continent Fields, TpxaS, 
S*E. Utab; Neyada^ and California; Canada,* New 
Brunswick and Quebec region ; Great Britain ; Holland ; 
Germany, Westphalia, and Saxony (Pruss*. Prov.) ; 
Central Russia, Volga Basin ; China, Shensi and Shansi 
Provinces ; Western Australia and Victoria. 

Permian. — Central Russia, Volga basin ; Germany, 
^Hanover, and some occurrences in Saxony (Pruss. Prov.), 
Rhenish Bavaria, and Baden ; Holland ; Oklahoma. 
,Mid-C Continent Field, North Texas, Utah, New Mexico, 
etc. ; S. Africa,* Orange Free State and Transvaal 
Province. 

Trias. — Germany, Hanover, Brunswick, Rhenish Ba- 
varia, and Baden ; Austria ; Montenegro ; Spain ; 
France, Alsace, Northern Vosges, and in the district of 
Amberieu ; China — e.^., in the brine-district of Szechuen ; 
Wyoming, U.b^A. ; possibly in Timol ; the Cai)e Province.* 
Jurassic. — South America — eVgr., in* the Argentine ; 
Russia, Ural-Caspian region ; Switzerland, in the fJanton 
of Valid — Vallorbes, also traces in the Cantons of Neu- 
chA-tel and Solothurn ; Germany, Hanover and Bruns- 
wick, and traces in Baden and Wiirtemberg ; Austria ; 
Alsace, Upper Alsece, near IV'ulhouse, and in Lower 
Alsace ; Portugal ; U.S.A., Wyoming, Utah, etc. ; 

Alaskap Peijinsula ; Somaliland ; Madagascar. 

*' Cretac,eoU3. —United States, Colorado, Wyoming,Texas. 
Louiviana, S.W. Arkansas, Oklahoma, Xrnsa**, Utrh, 

* Possibly due ito the c'istillation of bituminous shalq. by iffneous in- 
trueioils. ‘ 
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^abama, Montana, Wfishington, an^ California*; Canacjja, 
Alberta and Athabasca region ; South America, Vene- 
zuela, •Colombia, Ecuador, also Argentina, Bolivia, and 
Chile ; Cuba ; Santo Domingo ; Trinidad ; Honduras ; 
Mexico*; South-*EasteA Btlssia, JJral-Caspian. region, and 
, some occurrences in the Caucasus ; Carpathian region 
(including Transylvania) ; . CeAtra? Asia, Ferghana Pro- 
vince ; Timor ; Armenia ; Syria and^ Palestine ; Egypt 
and# Sinai ; Tunis ; Algeria ; Yugoslavia ; Istria ; 
Austria ; * Germany, Hanover and Holstein ; Switzer- 
land, Val de Travers and district ; Spain ; Portugal ; 
Greece. 

Eocene. — Carpathian region ; Caucasus ; Armenia ; 
Italy and Istria ; Yugoslavia ; Albania ; Switzerland, 
near Basle ; Bavaria ; Egypt and Sinai ; United States, 
California, Texas, Louisiana, Utah, Colorado and Wyo; 
ming ; also possibly in Trinidad ; Soutli America, 
Venezuela, Colombia, Peru, Ecuador ; while some of 
the l^wer dcposite in Borneo might be of Eocene age, and 
possibly elsewhere in the Dutch East Indies (e.j 7 ., in 
Sumatra) ; Burma ; Assam : Baluchistan ; North- 
Western India ; Central Asia, Ferghana Province ; 
Madagascar ; and elsewhere in series ranging from the 
nexuk 

jOIii^ocene. — Caucasus ; Carpathian region ; Germany, 
Hesse ; France^ Upper and Lower Alsace, Limagne, 
Auvergne ; Trinidad ; \^enezuelji ; Dutch East Indies, 
Borneo, etc. ; and in the United 'States, Oregon, Texas, 
Louisiana, etc., and eltjpwhere in series extending from 
the next — or the Aquitanian. 

Miocene (including Aquitanian). — Easter^ Acehi^lago 
— e.gr.* Borneo, Sumatra, Java, Timor, Cemnj and tl* 
Bhilippines| JTormosa ; Japan ; Sakhalin ; piDs*ssbly in 
North-Eagtlm China ; Annam ; Burma and Assam ; 
Punjab : New Guinea ; New ^ealan^ ; •Australia, 
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Victoria tnd South, Australia ; • Persia ; Egypt an^ 
Sinai ; Mesopotamia ; Caucasus (north and south) and 
Caspian region ; Transcaspia and Tcheleken f Car- 
pathian region (including IJransylvania) ; Czekoslovakia ; 
Hungary ; Yug9slavia \ Austria* Gerfnany, tmces in 
Hesse and Wurtemberg ; Italy and Sicily / 'France,. 
Rhone Valley, Seyssfel, fttc. ; »Switzerland, Cantons of 
Vaud — Orba, etc.^ Neuchatel, Solothum and Aar^au — 
near Aarau, Aarburg, and^Oftringen, also near Grene«ra — 
La Plaine and Dordagny ; Spain ; Morocco ; Algeria ; 
Tunis ; Turkey ; Thrace ; Gi*eece, Zante Island, etc., 
and mainland ; possibly West Coast of Africa ; Southern 
Nigeria ; Angola ; Mozambique ; Trinidad ; Barbados ; 
^anto Dominga; Porto Rico ; South America, Vene- 
zuela, Colombia, Peru, Chile ; C’osta Rica ; Mexico ; 
.United States, Texas, Louisiana, Utah, Wyoming, Idaho, 
Oregon and^ California ; Alaska. 

These occurrences are predominantly in the Lower 
Miocene. 

Pliocene. — Italy ; Albania ; Yugojjlavia ; Austria ; 
Hungary ; Roumania ; (Caucasus, Apscheron Peninsula, 
etc. ; Transcaspia, Tcheleken ; New Zealand ; and 
some of the upper beds in Borneo" Sumatra, Trinidad, 
and Venezuela , Southern Nigeria (Ijebu) : U«ited 
States, Wyoming, Alabama, California, etc.* 

It will be noticed from the above that a marked 
increase in the number of localities begins in the Cretace- 
ous and advances to the Miocene. 

(The localities merationed under the Oligocene arc not 
so numerous, as this is a comparatively small formation, 
while mr-ny ^ the occurrences entered under^he Miocene, 
Or Eocenf, ei^tend to beds of Oligocene age). 

It wb\dd appear that the horizons in tfiq lower part, 

*The Quaternaiy is not«^mentioned, since impregnatioi/ in deposits of 
such a^ are 'of general occurrence in petroliferous regions. 
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£ormati(in6 of such ^ges are but rarely found to be associ- 
ated with important occurrences or appreciable deposits, 
although in the Ural-Caspian region of Russia, •some of 
the petroliferous sources %lie in the Jurassic. Likewise, 
strata of Permjan ag# are •not^frequehtly fou»d to be 
oil-bearing, so far as known cases are concerhed, with 
tlic exception of thb irffetaiv'es in the* United Stai^-es •of 
•America yi the Mid-(Jontinontal Field and in 

Northern Texas), and •the occurrences in the •little- 
disturbed Zechstein strata in Central Russia. 

Likewise, series of deposits at certain horizons or minor 
groups in a formation arc often locally found to be 
generally barren —or unproductive, even although super- 
jacent and subjacent series may be oil-l)earing — as, 
e.f/., in the island of Tcheleken, the lower series (Miocene) 

, of red beds for the most part are not considerably petrol- 
iferous or productive ; so that practical procedure may 
be .based accordingly. 

In the case, however, of prospecting new eounj/ries or 
regions not well-known, it is not alwj^ys safe to predict 
that series of certain ages or particular groups are non- 
petroliferous ; nor is it advisable to be prejudiced by 
the circumstance that formation^ of similar age have 
not elsewhere yielded oil. It is, in faot, ])referabl 0 "^o be 
guided by the general character and lithological {catjiires 
of the deposits in the particular area. 

When more knowledge concerning t^e stratigraphy is 
gained, and especially when any results or data from 
drilling become available, tha oil-containing quality or 
prospects of the se\eral series become more apparent; 
likejvisr> wl^ether any particular series or group may be 
associat^^d^with the more important petroliferous phase 
or tiie^«richest deposits, which conditioF, ns previomsly 
noticed, is often found to prevail over regions of con- 
sidetable size. 
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iound in the regiok of Baku, \Chere the quantity and 
concentration of the oil has sometimes been so great 
that comparatively thick beds of sand have •‘become 
entirely saturated. ^ 

In conclusion, a rofftrence* table is given showing the 
main subdivisions of the stratified rocks as developed in 
Europe, etc., being a suAmary of their 'classification 

TABLE SHOWING ORDER OF SUCCESSION AS APPLIED TO THE 
STRATIFIED ROC^KS IN EUROPE, ETC. 

QUATERNARY OR POST-tERTIARY. 

Post Glacial or Recent Epoch. 

(2) Histortc — up to the present time. 

(1) I'rohistoric — (r) Iron, Bronze, and later Stone ages. 

(6) Neolithic. 

(fl) Palaeolithic. 

(extending to the Pleistocene). 

Pleistocenp or Glacial. 

Glacial and inter glacial ages in northern and southern fatitudes, 
or at high altitudes. 

CAINOZOIG OR JERTIARY. 

(Neogene.) 

Pliocene. 

Newer— (?;) Sicilian. (Beginning of void age and descent of 
glaciers. ) 

(<i) Astian. • 

Older — Plaisancian. 

Miocene. 

(4) Sarmatian and PoiAian {*) Pontian. 

• ^ (b) Mcotic. 

, (a) Sarmatian. 

(g) Vmdoboman (b) Tortonian ^ 2^1 Mcvliterradban 

(flf) Helvetian / fStage. 
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(Palaogene or Eogene.) 

Oligooene. 

(2) Stampian (Rupelian). 

(¥) Tongrian (Saimoisian). 

Eocene. 

(6j PriaboniaA (Ludiail^. 

(5)^Bartonian. 

(4) Lutetian. 

(3) Ypresian (Londinian). 

MESOZOIC OR SECONDARY. 


Cretaceous. 

(Upner-Cretaceous) 


(Lower Cretaceous) 


Jurassic. 

Oolitic. 

Upper Jurassic* 


Middle Jurassic. 


(6) Montian. 

(5) Danian. 

(4) Aturian 

(3) Emscherian 

(2) Turonian. 

(1) Cenomanian. 

(5) Albian (sometimes placed partially or 

wholly in the Upper Cretaceous and 
as including the Uppei^Greensand). 

(4) Aptian. 

(3) Barremian (Urgonian). 

(2) Neocomian. 

(1) Wealdeii. 


(5) Portlandian. 

(4) Kimmeridgian. 

(3) &quanian (Corallian of Britain). 
(2) Oxfordian. 

(1) Callovian. * 

(SpBathonian. 

(2) Bajocian. 

(1) Aaleniasi. 


/ Maestrichtian \ 
\ Coniacian J 


Lower Jurassic or Liassic. 


E Lower) 


(4) Toarcian. 

(3) Charmouthian (Pljpnsbachian^ 
(2) Binemurian. 

(1) Hettangian. 
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Triassli. 


(3) Bhtetian* 

(2) Keuperian, ** Keuper." 

^(h) “ Muschelkalk.' 


(1) Conchylian 


(ri) “ Hunter." 


PALiGOZOIG OR PRIMARY^ 

Permian. 

Upper. Tlmringisn — Zechsiein \ ta _ 

Middle. Punjabian — Saxonian / ^ 

Lowr. Artinskian — ^Autunian. 

Note. — In Russia tlie ‘^Tartarian," a formation of predominantly 
red marls, is grouped with the Upper Permian, coming above the 
" Zechstein " which is very largely developed in Russia, and the 
latter term is there used to comxjrise most of the middle beds — 
between the “ Aitinsk " Series and the " Tartarian " ; the 
" Kostroma " Series, however, may perhaps be regarded as 
corresponding, more or less, to the “ Saxonian." 

Carboniferous. • 

Upper. Stephanian — Uralian (Coal Measures). 

Mitldle. Westphalian — Moscovian (Millstone Grit). 

Ix)wer. Dinantian — Bernician (Culm) (Carboniferous Limestone) 

Devonian and Old Red Sandstone, 

Upper. Condrusian (Fameimian). 

« (Fraanian). 

Middle. (2) (Givetian). 

(1) Kifelian. 

Tjower. (2) ('oblentzian 

(1) (Gedinnian). 

Silurian (GotRlandian). 

(3) Ludlovian. 

(2) Wenlockian. 

(1) Valentian. 

Ordovician. 

(3) Caradocian. 

(2) Llandeilian. 

(1) Arcnigian. 

Cambrian. 

(3) Olenidian. 

14 ) Paradoxidian. 

(1) Ojfnellian. 

S e»clmbrian (indluding “ Proterozoic "). 

chitan. 



79 


ClfAFtER tv. 

THE • ACCUMULATION AND *COflCENTRATION OF 
pfiTROLEUM IN RELATIOIf Ta GEOTECTONIC* 
CONDITIONS, AND THE 'CONSEQUENT CLASSI- 
FICATION OF DEPOSITS.* 

Contents — Introductory Remarks and General Considerations — I’rinciplea 
whereby Concentration and Accumulation in I'articular {Situations 
arc effected. 

I. Petroleum in Horizontal Strata. 

IT. Petroleum -Accumulations in Ini^lined Strata — 

• (I) Accumulations due to the Intervention of Faults, or “ Fault-(^>ndi• 
tioiis ” — (2) Outcropping Petroliferous Beds which have become sealed 
up by an Inspissation of the Oil, or by Deposits of Asphall or Ozokerite 
— (3) Accumulations Imprisi>ned by aTajHiring of the J’orous Reservoir- 
Bed, as m> the case of Lenticular and Lens-shaped Bods, or by a (3mngo 
in the Lithological Character and Porosity of the Stratum. — (4) Ac- 
cumylations which Rave concentrated in Variations or iFregularitics in 
Dip; including also “Terrace-Structures" — (5) Accumulations in 
Inclined Strata abutting on Unconformable Junctions — (0) Accumula- 
tions in Sedimentary Strata where they have become interrupted by. 
Igneous and CrystaUine Rocks. 

HI. Petroleum in Vertical Strata. 

IV. Petroleum-Accumulations due to (/Uuvatukk of Strata — 
(IJJ^onoclinos — (2),Anticlinc% and Domes — (3) Synclincs. 

V. Petroleum in Highly Folded and Disturbed Strata. 

Hitherto, princijially broad generalizations and cir- 
cumstances concerning the extejided distribution of 
petroleum, on the grand scale, have been here considered. 

It has been observed .^how petroliferous occurrences 
may be repeatedly and intermittently found over large 

* It was originfiElly intended to precede this section by\n el^mestary 
description and explanation of structural features, or gedtectonio con- 
ditions, but as such may lie more within the scope of a^reatise on mcifeffitary 
geol(fgy, which \k consulted if rei^uired, it has now been omitted. (In 
this connection itvould be well to consult “ Structural and Field Geology," 
by Jijmes Geiki^ Ar other text- book of this descrijption. ) * 
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areas, or may extend over grea^ zones or belts, but in 
an interrupted and discontinuous manner, although, as 
noted in the preceding section, the occurrences may be 
brought down and limited, in various regions, to more or 
less definite stratigrap]iical itang&s. 

It now becomes expedient to centralize filrther, and 
consider the special features of individual deposits and 
^the conditions that arc needful for local accumulations. 

In this connection,* it becomes, of course, primarily 
necessary to take into consideration the fundamental 
requirements for the retention of petroleum in the rocks 
of the Earth’s crust, and the principle whereby it is 
possible for the mineral to become centralized or con- 
centrated in special positions. 

The first essential is evidently the presence of a porous 
bed, or of a rock containing interspaces suitable for 
holding petroleum, the protection of this reservoir by 
surrounding impervious rocks being also necessary in 
order to retain the liquid (or gaseous) hydrocarbons 
and preserve them from volatilization and escape. 

Suitable strata for retaining petroleum, or oil-reservoir- 
rocks, most generally consist of sands or sandstone (or 
sandy shale ),‘ although sometimes composed of coarser- 
grained constituents, while poious limestones, espf'cially 
when they have become dolomitized, also servo to provide 
reservoirs. Occasionally, however, petroleum is found 
occupying cavities and fissures, or crevices of joint- 
planes, as in the cas'^ of the Florence Field in Colorado, 
U.S.A., also in the Katalla district of Alaska, and in 
Mexico (e.gr., in the channelled limestones — Tamasopa, 
etc. — Sipd Assured shales). 

\\^ith r^^ference to the principle whereby petroleum 
becqmqs centralized or concentrated, t^is is, of course, 
primarily related to the specific gravity * of petroleum, 
in that it is usuallj^ lighter than water. 
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If ss thari that of wa^r. It may ha remembered, however, 
that in some few cases exceptionally heavy petroleums 
are found, the gravities of which are as much as,fpr even 
fractionally more than, that of water ; but these are 
usually near the surface, havii^g become more or less 
inspissated. In the case of oils of such a glrade, they 
may become mingled with the water,! and not be sub- 
jected to a differential upward movement. 

There are, however, other factors, besides differepee in 
gravity, which have co-operated and probably affected 
or modified the separation and accumulation of oil, 
such as moving waters, capillarity, and the influence 
of gas and hydraulic pressure. It appears, moreover, 
that gravitational sorting of itself would often have 
been insufficient to overcome adhesion and friction, , in 
cases where the porosity is low or the rock compact, and 
the inclinfition of the reservoir-roof low, as also where 
the oil is very viscous, but that the separation and 
upward movement by that means ]vas promoted by 
])ressure and the jwesenee of gases, while perhaps 
also assisted by some motion of the oil and water. 
This question, however will be further considered 
below. 

Thus, there is a prevailing tendency for pet^pleum 
in water-logged rocks to occupy the highest attainable 
position in the porous reservoir-rock, where its u})waid 
progress has been arrested by coming into contact with 
the covering of iinp'^rvious rock ; although, wlien gas 
is present, this woidd naturally^ occupy a higher position, 
thus preventing the oil from occupying the highest 
summit, of yie reservoir. 

It should be further noticed that the greater the 
latef^l fxpanse ot the porous stratum from which ^Jthe 
petrolehm could be drained in proportion the lateral 
cxtc;nt qf the exalted region in w'hich the oil can af cu- 
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tnulate, the greater will be the coilbentration. Thus, •in 
the case of a horizontal reservoir there cannot be so 
much ^concentration, as the oil collects and is more or 
less# evenly distributed OYcr^the entire length of the 
stratuih> when, however, the :^bservoir is inclined, the 
•petroleum is driven to, and only collects in, the higher 
poriJ^pn, thus bringing about concentration in the upper 
regions of the inclined bed. 

Tfie favourable conditions afforded by an anticlinal 
fold are thus evident, since the petroleum may be collected 
from the inclined strata on each, side, to become (ion- 
centrated in the region of the summit of the fold ; while, 
a structural dome would afford still more favourable 
conditions for concentration, inasmuch* as this would 
proceed from all sides towards a central point. 

Let the possibilities of horizontal strata fgr affording* 
facilities for accumulations of ])etroleum be first (con- 
sidered. 

(1) PETROLEUM IN HORIZONTAL STRATA. 

It is obvious that, in the case o{ lyorous and 
petroliferous beds or reservoirs in a horizontal ])Osi- 
tion,'* there will * be a great length of stratum over 
which* the petroleum may be distributed, should such 
conditions prevail over ^any considerable area, and 
the intervention of some feature effecting an inter- 
ruption in the continued porosity of the bed will be 
necessary, in order that* an enclose*d reservoir may be 
produced. Thus, faults bringing into juxtapoiifition 
imper\;ious Ack, or a lenticiflar or lens - Sha^d form 
of the porous beds, or a rapid change in the^ litho- 
log'ical char|c8er and consequently in the *porosity 
of .the st atum, may bring about a-n interruption in 
the* continuance of the conditions ; further, deposits of 
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asphalt ana the inspiiBsation of the^oil may seal the out-* 
crops, where the beds have been dissected. 

So long, however, as the beds are uniformly horizontal, 
it is evident that the conditions will not be favourjtble 
for any centralizjition iti a limited position or for any 
great concentration — at least by means of gravitational , 
separation (or without t!ie special conditions that* are 
ilbcessary tb produce selective segregation, as in lenses 
of greater porosity, to be* dealt with later), and unless 
the beds arc very highly petroliferous, and there is 
sufficient petroleum to accumulate in any quantity 
along the upper portion of the beds, considerable deposits 
are not likely to occur. Moreover, prevailing horizontal 
<K>nditions are not so favourable to the production of 
any great pressiu*e exerted by water, although, if much 
gas be present under suitable conditions, some pressure 
may be thereby provided. 

In the case, however, of porous beds which are markedly 
lenticular oi^ lens-shaped, conditions are^ more favourable 
to concentration, for which the region of the apex of 
tjie beds provides a suitable situation (see Fig. 1). While 
irregularities ^n the disposition of the reservoir - roof 
may also provide convexities, or local inclinations, 
suitable as positions of accumulation in horisicntal 
strata. Petroleum occurs, for instance, under, such 
conditions in some of the oilfields of Oklahoma, also in 
the Electra district of Texas, U.S.A. 

Moreover, accumulations in horizontal strata may also 
be formed by means of segregation in portions, or lenti- 
cular patches, of greater^ porosity or coarser texture in 
the ^rook (ae in lenses of greater porosity and ‘'pay- 
‘streaks V), *in virtue of the tendency of oil to' select 
condfbK^fiS of maximum porosity, on scoount of i-its 
caj)illary power being lower than that of watfr^ Accumu- 
latioAs and conditions of this nature, for instance, oebur 
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in the Apx^alachian* fields, Okla/ioina, an(3? Northern 
Texas. 

Cojjccntration might also be brought about in hori- 
zontal strata by means of prcjgress of cementation. 

'l'hiv=5, as might bt* expected, important deposits of 
petroluum do not frequently occur Vhere there is a 
jirejT^ailing horiaontal condition of* the strata— except in 
sue# cases, as just mentioned, of conditions ut differerftial 
poBOsity, suitable for capillary segregation, being present. 



Jmj. 1 •— “Liniicular Beds " 


In the Permian strata of Central Russia, small 
quantities of petroleum •have, in some instances, been 
obtained in regions where a •horizontal ijosition of 
the strata prevails, a^d in that formation thick beds 
impregnated with a petroleum largely inspissated to 
asphalt are; found (Fig. 2), while similar ocjjurrfipces have 
in a few instances been also recorded in the 4WJ)omferoMR 
df the same region. 

In the i?ppalachian fields, the strata are generally so 
JJttle inclined that they might indeed often be regarded 
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"as practicallly horizontal, but the conditions of occurrence, 
and the relative i)Ositions of the accumulations, are* 
such that it is best to consider them under the heading 
of inclined strata. Segregation by means of differential 
j)ori)sity, or in more porgus lenses,* ho\ve'»»er, provides* an 
importcint factor j*h these fiehLs. 

(2) 1^ETR()|.EUM-ACOUMIJLATIONS IN 
INCLUDED STRATA. 

When, however, the strata have become at all inclined, 
a different situation is created, and the petroleum is able 
to concentrate towards the higher limits of the porous 
conditions. Thus, in the ease of faults bringing into 
jifxt.i position iini)ervious rock, the neighbourhood of. 
the Jault on the down-dip side affords the position for 
cbncentratiuii, or, in the case of lenticular or lens-shape(i 
beds, concentration may take place in the upper inclined 
extremities of the beds ; and likewise, w}iere the texture 
or lithological characters of a stratum change, the oil 
may collect on the downward side of each obstruction 

It is not <[uite evident how much inclination of a 
straliun is needful in order to bring about the movement 
of petroleum, but this necessarily depe^ids to a gjeat 
extent on the density and viscosity of the oil — as well as 
on the nature and continuity of the reservoir -stratum 
and the texture of the rock, in some regions (c.e/., in 
the Appalachian fields oi the Tnited States of America), 
very slight inclinatiojis appear to have been sufficient 
to cause the movement of the petroleum. 

Petroleum-accumulation^? in inclined strata may be 
gvoupdd as follows : — « 

(U ^J:<*JijLmulatioiis due to the intervention of faults, or 
fault-conditions. " 

(2) Qut cropping petroliferous beds, which have becony' 
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*DMg. 2 . -Horizontal IVtroliforoiis Strata, in the Pcrnii.in of Central 
liussia {Kamischla), 



Q ii Pliotoa by IfA^StVjand. 

* r 

Fig. 3. — Horizontal Strata, Red Deer River, AlBerta, CanadTa. 





’ hi/ 1. A. Slii/aft/f. 

Fig. 15. -II(»ii/r»!ifiil Kal>c-lM‘<UhMl Sandstones, with simnliitioti of* Dip, 
ji ‘jij* Stf\(’,s(l{i!f, Ih'il Deer River, Alberta, Caiuula.* 
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s^alocl in by an inspissation of the oil, or by deposits 
asphalt or ozokerite. 

(.‘•) j^cumulations imprisoned by a tapering of tlu* 
porous reservoir-bed, as in the fjase of lenticular and lens- 
shafied beds, or Ity a chfingd in th^ lithological charac ter 
and porcfl^ity of the stratum. 

(4)^ Accumulations which^ ha\'^ conoentrated in vari- 
atioiiK^ or irregularities in dip ; in this groi»p may be* 
iiicluiled the “ terrace- structure's/^ 



(5j *AccuinulatM>ns in inclined strata abutting on un- 
cosrforiiiable junctions, and thus brought into contact 
with impervious strata belonging to a different formation. 

(6) Accumulations in sedimentary strata where they 
have become interrupted by igneous and crystalline rocks, 

(1) Accumuli^tions due to the Intervention of Faults, or 
Fault-Conditions. — As might bo expected, ^strilsp-faults 
are the most usual and suitable for bringing about the, 
recpiired conditions for deposits which^ave beeji v^figin- 
ated in t^is way, and the accumulaftons are* usually 
sityiated on the down-dip side of the fault (tiee F,jg. U)- 
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• Several oilfields and important petroliferous occur- 
rences have originated from the influence of fault- 
conditions of this description, as, for instance, In some 
of the oilfields of California, notably in some of thpse of 
the Los Angele^ district (c.g., Western^'Coalinga^, and in 
Mexico. More frequently, however, fault-conditions occur 
in co-operation with soihe other and mbre widespread or 
•predominating influences, as that of folding, by* which 
the general distributioif of the petroleum has* been 
effected. In such cases, they serve to modify the general 
distribution incidental to the wider influence, bringing 
about local concentration of the i)etroleum in sections 
of the larger structures ; and, in addition to this in- 
fluence, faults, often interrupt and consequently render 
productive petroliferous bods which would otherwise 
hUve cropped out on the flanks of the folds and obtained 
free access to the surface. Such conditions are found 
in the oilfields of the Baku region — both at Bibi Eibat 
and in those of the Apscheron Peninsula — where the 
accumulations, whilo generally distribyiited in anticlinal 
or dome-shaped structures, have been much influenced 
and complicated by faulting. Likewise in the island of 
Tcheleken, where, as previouslj^ mentioned, intense 
faulting has taken place on the axtal region xji the 
elongated and gently dipping dome which is the pre- 
dominant structure of the island, considerable modifica- 
tion and localization ^of the *general distribution of the 
petroleum has taken place by the agency of faulting. 
Assuming the oil tc have origirally risen in the dome, it 
would become redistributed into smaller and more con- 
centrated reservoirs on the advent of the faulting. 

Further x’eference to the influence of faults on anticlines, 
etc.,^Wir be made when the latter come tf> be considered. 

Although it is usually on the down-dip si^e of faults 
that, productive accumulations are present, occasionfilly 
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petroliferous beds aroffound on both sides of a faulfe; 
but generally such an occurrence is when the strata are 
horizoiftal or only slightly inclined, as also in the case of 


dip-^ults, or where the general distribution of the 
petroleiHn has be*en eff^tecf by a^more yidespread influ- 
ence, su5h as that of anticlinal or dome-shaped structure. 


Exais^les of both sides qf a tault being petroliferous 
occur in Tcheleken. In such con^tio^s — in the case of 
nornftil (Fig. 7, a) inclined faullSj (as in the large majority 



Fig. 7. 

•(a) 'i^ormal Fault. (6) Reversed Fault. (c) “ Heave." 


of case^), allowance has, of coursiJ, to be made for the 
parting and consequent local absence of the petroliferous 
seams within a certain margin, du<f to the lateral dis- 
placement, or “ heave (Fig. c). Drilling in dsuch 
barren margins has not infrequently been the wuge of 
negative results. 

in the case of oblique faults or thoge whidp^diterge 
frojn the strike, the productive valigB will ^consequently 
vayy in positions similarly situated along the fault ; 
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since, however, fanhe vanfy foOww the <tr^ wkh ai^ 
approach to exaotitiidc, the resnltB cAitahtod ha pro> 
duotive zones inoiddntal to aUtd fcdlowii^ fMdts nsqpi^ are 
very variable. 

Among other^ oonsideratidns bearing upon the *looaL 
and often inconsistent oharaoter of results obl^ined in 
fields dependent on or* modified by faulting, mi|^ be 
mentioned) the circumstance that, where two diff^nt 
faults meet, three of the lesulting segments may contain, 
productive land, while one will be entirely barren. The 
above-mentioned considerations, together with the cir- 
cumstance that the determination of the amount of hade 
and displacement is frequently difficult qr impossible, 
while faults thf mselves are often obscure, tend to render 
drfiling in faulted ground often of an uncertain and 
scftnewhat speculative nature, although some of the most 
{HTolifio reeAilts have been connected with fault-conditions 
(as, e.g., in Tcheleken and Baku). 

Again, where a region is very much fasdted or fractured, 
the fissures being wide or open so that ^ere is free..aeeeBs 
to the surface, this condition may have an injurious 
effect on the retention of the oil-reservoirs, although the 
fissures, or the “ fault-rock ” which they contain, some- 
times become impregnated with asphalt, or, in the. case 
of the presence of petroleum of a paraffin basq, with 
ozokerite, which process, especially in cases of 'the 
deposition of the latjber suffstance, tends to seal the' 
outlets and prevent f^her escape of the hydrocarbons. 
Thus, in TofaeMcen the faults hgve become filled, or their 
confinfin of comminuted rock* impregnate with oeo- 
kmrite, t^his .lircumstanGe* having tended tojmSnence the 
* retention of the reservoirs. 

Fmlhormore, i^y, wbkh has becomew diitidfifitedk or 

* Oonatitatiii^ jtka vta4/» wstoiM kaswn m “Ika" idtM tat tbs ex- 
t9MetMaMdpiedK<ei«R«taBoiHrite. ^ 






92 OCCURRENCE AND GEOLOGY OF PEW OLEUM. 

as by baling or pumping — and recourse may be ha^| to 
this procedure in the absence of better conditions. 

As might be expected, however, petroleum •occurring 
under such conditions is not usually associated with 
much pressure ; bu* it iS ncft infrequently possible to 
obtain some oil by means of baling or punipflng. Thus, 
it is generally worth*whHe to test butcropping^petroli- 
ferous Wbds, ev^n in cases where no markedly favourable 
structure is observed— -especially as the wells rfor this 
purpose are not usually required to be deep. 

There is, of course, often difficulty in such cases in 
ascertaining the position of the water-plane, and the usual 
cause of failure in such trials is the location of the boring 
too far dovHi-dip, and consequently water only is got. 
It is better, in selecting sites for trial- wells under 'such 
'conditions, to err, in the first instance, on the side of 
commencing the well near the outcrop rather than on 
that of boring too far down-dip ; while, at the same time, 
the nearer the site is to the outcrop,* the less is the de])th 
required for the boring, 

(3) Accumulations imprisoned by a Tapering of the 
Porous Reservoir-bed, as in thd Case of Lenticular and 
Lens-shaped Beds, or by a 'Change in the Liihological 
Character or Texture and Porosity of the Stra^m^The 

existence of petroleum in markedly lenticular ana lens- 
shaped beds is of .frequent occurrence, the beds being 
surrounded by impervious rock, such as shales or clays 
(Fig. 1) ; not improbably, t(^, the deposits may in many 
cases belong to this description in oilfields where the 
undorgrofind conditions are not readily apparent or 
recognizable. ^ Among noteworthy examples* may bo 
nfB'nJioned those occurring in Louisia^ia and California. 
Also petroliferous beds of such a form, are found in 
Ttinidad. * 
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Jiometimes the apex of the beds may furnish the region 
of accumulation or greatest concentration ; but, when 
the strata are much inclined, the upper extremity of the 
inclined beds would then provide the most favourable 
position for accuiAulatioti. *Amoiig examples of the 
inclined vatiety, mention may be made of tliosc occurring 
in Louisiana and Csflifornia. 

In thb same manner variations in the lithological* 
character or texture, and consoqu&nt interruptions in 
the porosity of the strata, may serve to arrest the uj)ward 
progress of petroleum, thus giving rise to accumulations 
on the down-dip side of such obstructions. In some 
localities very sudden and rapid lateral variations in the 
lithological character of beds may occur, bqds of porous 
materials, such as sands or sandstones, rapidly changing 
into impervious beds, such as shales, clays, or marls. 

Such a feature may sometimes have been * brought 
about by contemporaneous erosion or irregular deposition, 
whereby porous beds may come to be surrounded or 
enclosed by imperNrious beds of finer constituents. 

►Such rapid lateral variations of pervious beds inta 
impervious may be observed in some localities in the 
petroliferous Permian Strata of Central Russia, where 
porous aijd petroliferous s^andstones may sometimes he 
observed^ to change laterally and suddenlj^ into im- 
pervious marls. 

It is possible for the deposition ^ of mineral matter, 
precipitated from aqueous solution,* such as travertine 
and tufa, or siliceous sinter, to interrupt the porosity 
of beds ; or the interstices or xiores of pervious be/is 
may become occupied and seated by the ^infiltrated 
mineral fnatter deposited from solution, such as tJiat*of 
carbcttiate of lime^ 

Perhaps under this heading there might al&te be 
grouj^ed some cases of segregation occurring’ in patebes. 
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of greater porosity (as in “ pay-streaks than that 
of the surrounding remainder of the sandy or porous 
stratum, the oil having been driven to occtipy such 
positions by the superior capillary force of water^ which 
has filled the Ipss porous rock, &s instanced in the Appa- 
lachian fields, etc. Such variations in porosity may be 
due to differential cenienta^iion, to coarser texture^ in the 
rock, or,^in the. case of limestones, to dolomitizatmn. 

(4) Accumulations which have concentrated at Positions 
of Variation or Irregularities in the General Dip, amongst 
uniformly - inclined Strata — including Terrace -Struc- 
ture.” — In some localities petroleum is found to have 
accumulated- at points of interruption or variation in 
the general continuity of dip, or at local fiattenings in 
the inclination, such as have been denoted terrace- 
structure. 

The most notable examples of this mode of occurrence 
are found in the wide region of uriiformly and gently 
inclined strata which extends, for a distance of over 
two hundred miles, across Ohio, Pennsylvania, etc., in 
U.S.A., on the eastern wing of the Cincinnati geanticline, 
where oil-pools have been found associated with positions 
of change in the rate of dip or with a tendenj?^to flat- 
tening of the strata. 

These accumulations mostly exist at the horizons of 
the Clinton and Berea Sands. Their character has been 
well described by MS:. F. G. Clapp.* 

Two principal 'types of ii^^terruption in dip, accom- 
panying the presence of the accumulations, appear to 
be re^;Ognf2able — one consisting of a simple interruption 
or flattering in the general continuity of dip (which when 
moVe pronounced would merge into the Terrace- 
fltructiu-e ; while the other is of the nature of a lateral 
• Econ, Oeol, vol. vi., No. I, p. 1 (Jan.-Feb. 1911). 



ACOU 


MULA|i 


ON iNrT CONCENTRATION OF PETROLEUM. 95 


mrping parallel to the^ general direction of dip of th^ 
aands, such irregularities having been called * struc- 
tural rajrines/' “ notches,” or “ grooves ” in the sand. 

The “terrace-structures” nugrge into the flattenings 
or areas dof diminution in the prevailing dip, mentioned 
above, op \nay be considered as exaggerated forms or 
varieties, and nmy be included in the same class. 
They have been termed " arrested anticlines by Prof. 
E. Or^n.t 

As Mr. Clapp has pointed out, these variations may 
be due to a lateral pressure or a warping, and although 
such structures are not anticline^ in relation to the 
horizontal, they would be of the general nature of anti- 
clinal folds if subjected to a piano parallel *to that of the 
general average inclination of the strata. 

It is, therefore, conceivable that they may be foldte 
produced by older movements of prior origih to that 
of the more widespread one by which the strata of the 
whole region were tilted to their present position of 
uniform general inclination, and that the petroleum 
may have formerly accumulated in the main folds at^ 
some time preceding the advent of the second more far- 
reaching movement. If this is the case, there thus exists 
a clue to the comparative’* ago of the accumulation of the 
oil-depoOTs — at least, that relative to the incidence of 
the' several large crustal movements which have affected 
the region. Also, inversely, the relative age of the tw^o 
principal tectonic movements is thus ascertained by 
means of the positions of tjie petroleum. 

In view, however, of the very small inclination in /lip 
over the wholes region, such anticlinal flexuregpmuet have 
been of Verj^ slight configuration, and it might dpubted 
whether they would have been sufficiently pronoilnced 
to afford appreciable conditions for concentration by 

Ihid. t Otology of Ohio, vol. vi., p. 94, 1888. 



anticlinal structure and differei^tial gravitation; while 
capillarity and moving water have been suggested as 
the principal factors in the accumulation of such deposits. 

The conditions noted in the oilfields of the Appalachian 
region, where the inclinations of the strata sbldoni 
exceed 2°, may be described as exceptional, . although 
undiscovered deposits under similar conditions may 
exist in other parts of the world, accumulations m such 
a mode of occurrence being characterized by a paucity 
of indications or exudations. Besides being connected 
with such structural features as those above indicated^ 
these deposits are also associated with patches or lenticles 
of coarser grain and greater porosity — ^known as pay- 
streaks.'' 

In the Mid-Continent and other fields in North Ameripa^ 
however, conditions of occurrence in little-inclined strata 
also obtaivi. 

Examples of fields associated with the so-called 
“ terrace-structure " occur in the Trepton Limestone of 
North-Western Ohio, in the Findlay field, where gas 
exists in an upper terrace, and oil anfl water are found 
hn a lower, and in the Macksburg field. Southern Ohio ; 
also in the oilfields of Pennsylvania, West Virginia, New 
York, and Kentucky ; while %the Wainwright field in 
Alberta is associated with a terrace in th^ general 
homocline. 

(5) Accumulationsklin Inclined Strata abutting on Un» 
conformable Juneijons. — Such conditions of accumula- 
tion are sometimes found, thelieposits usually occurring 
in sapds dipping away 'from the unconformable surface 
of 61der impervious or argillaceous sediments. Jn such 
casQs^ ^he petroleum may frequently have been derived 
from the older' argillaceous deposits — although in the 
instftnee of ' Maikdp, the accumulations w6uld appear 
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to be more probably iii(Jigenous to the Tertiaries in whi^ 
tliey occur. 

One the most marked examples of this mode of 
occurrence is to be found in J^orthern Alberjta, Canada, 
wherfe bituminous sands of^ greaj^ thickness and petro- 
liferous deposits occur in beds, of the CJetaceous series, 
uncoirformably resting upon the Devonian shales and 
limestone, but in this instance the strata arc^ nearly Or. 
practically horizontal, so that there is little opportunity 
for concentration of oil, or for protection from inspissa- 
tion. 

A notable example is also afforded by the Maikop 
field, in the Kuban Province of Southern Russia. In 
this locality a very uneven surface of the Cretaceous 
strata is present, on which the petroliferous Miocene 
series unconformably rests, and where the beds of the 
latter dip away from rises of the Cretaceous <ormation, 
oil has accumulated in the sands. To this condition of 
uneven unconformable junction of the underlying Creta- 
ceous strata may be ascribed the uncertain results which 
are obtained in the borings in that field ; while, when 
the gently inclined Miocene beds are penetrated in 
positions which are far from an elevation of the Creta- 
ceous; ^^e beds may prove to be only sparingly petro- 
liferous or even barren. 

fcAich marked unconformabilities as are able to afford 
suitable* conditions for the occurrence of oil-accumula- 
tions must frequently be associated with conditions of 
overlap. The practical iyiportance of this condition of 
overlap is readily obvious, especially in those casejs in 
which severaL oil-horizons are present, where© its possible 
occurrence must ahvays be taken into consideration, 
and. this has been frequently responsible for Jiiboytive 
wells. 


7 
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(6) Accumulations in Sedimentary Strata where they 
iiave become interrupted by Igneous and Crystaliuie 
Rocks. — When hypabyssal rocks traverse or are jntruded 
into inclined strata, it is evident that such may give 
rise to interruptions in thei continuity of the , reservoir, 
and thus afEdrd conditions for accumulation on the 
down-dip-side, in a similar manner as effected by 
faulting. ( 

In the northeAi part of the State of Vera Cruz, jyiexico, 
the petroliferous strata are traversed by dykes or 
penetrated by intrusive rocks, which in some cases 
appear to have thus constituted factors in accumu- 
lation. 

Such intrusions, however, when reaching the surface, 
sometimes afford facilities for escape, either at the margin 
or through the cracks or joints which they contain, their 
outcrops «being marked by numerous exudations. In 
some instances, impervious rocks may be converted into 
suitable reservoirs for containing pefiToleum, by means 
of the cracking, .shattering, or metamorphosis effected 
by the injected material. 

Likewise, it is conceivable that masses or bosses of 
phrtonic rocks may cause conditions which are favourable 
for accumulation, where such form interruptions in 
inclined sedimentary strata. 

It appears that some occurrences in the provinefes of 
Quebec and Northern Onta»io, Canada, afford examples 
of such a mode of accumulation, while in Northern New 
York State,* U.g.A., gas, occun-ing in commercial 
quantities, is reported to b^ contained in the arkose 
zone of th^ Lower Potsdam Sandstone, where the latter 
is in contact with promkient knobs of granite. 

' Clapp, F.ls., Econ. Qeal., toI. v.. No. 6, g. 618 (1010). 
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3. PETROLEUM*IN VERTICAL STRATA. 


As w^uld appear evident, vertical or highly inclined 
strata cannot ajSord favourable* conditions for the accu- 
mula^on* or conctotratfcn bf petroleum, and deposits 
of impori^hce are but rarely found un^er such condi- 
tions ^ indeed, positions whpre the beds dip much over 
45® caflnot usually be regarded as favpurabW, and arb* 
seldom associated with productive results. Moreover, 
drilling in highly inclined strata is attended with much 
difficulty. 

In the instance, however, of tlfe Whittier Field in 
California, productive results are obtained in nearly 
vertical beds, in the neighbourhood of faults. 

It would be possible to conceive a hypothetical case 
of conditions whereby accumulations in vertical stratdi 
would be effected, which would be that of aft inclined 
fault or overthrust bringing impervious rock into a 
superjacent positron over porous and petroliferous 
vertical strata. ^ 

A similar condition might be brought about by un-^ 
conformability, but in that case the petroleum would 
be liable to escape aAd become dissipated during the 
interval* of time when the highly inclined beds were 
exposed^\efore being covered up. 


4. PETROLEUM-ACCUMULATIONS DEPENDENT 
ON THE CURVATURE 0 & FOLDING 
OF STRATA. 

Inclined strgbta must, of course, generally^ con»titute 
parts of curves or flexures into which the stratg; have 
beeiib folded. It» is evident that these }olds thems^lwes 
(where intact, or respecting those portions which have 
not ^been broken or penetrated by denudation) ^an 
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iiirnish conditions governing cthe accumulation and 
concentration of petroleum, the more important of such 
folds being anticlines and domes, the influence ^f which 
in effecting accumulation and concentration — already 
mentioned — ^is too wfill known to need special hotice 
here. 

In order tb^t accumulations should be determined in 
fShis manlier, it is, of course, necessary that the reservoir 
should extend or cofhnmnicate across the folds, cother- 
wise the conditions would be merely those of accumula- 
tions in inclined strata. 

Another practical** effect produced by anticlinal folds 
is that of bringing subjacent petroliferous horizons to the 
position nearest from the surface, in the locality of the 
axes, without cropping out. 

• 1. Monoclines. — Perhaps the simplest type of flexure is 
the mondcline, although frequently connected with dis- 
locations, and this structure may, in certain circum- 
stances, give rise to accumulations, tespecially in cases 
where there are variations or interruptions in the porosity 
or texture of petroliferous beds, while the double mono- 
cline — where the flexures are opposed to or slope away 
from each olher — may furnish a‘ highly favourable and 
productive structure, as in thef* example of the I^mpong 
Minyak Field,* in Sumatra. 

The term '' monocline '' is here used to indicate* the 
monocline proper — that is, •’a single flexure consisting 
of a local curvature* or bend, in strata which are hori- 
zontal or of less cinclination^than that present in the 
cm;ve, the beds being continued at a different level on 
each side (tFig. 10). It^ not used here iq the somewhat 
va^ue ^manner in )vhich the term has come to be*applied, 

in cdnisiection with oilflelds, to uniformly inclined s^ata, 

• • 

* Tobler, “Tijdschriftron h. Koningl. Ned. Aardrijkskundig Genoote^hap/* 
190f. Also Trans. Inst. M. M., toI. xx., p. 265 (1911) 
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oi¥to outcroppijQg petrc^iferous beds — regardless of th# 
circumstance that they may form parts of other structures 
or folds • 

2. j^ticlines and Domes. — Although by no means a 
necessity ‘fqr the presence oi productive, accumulations 
or important fields, it may be said that anticlinal struc- 
ture is» usually associated witii the most steady and con- 
stant results, and with the least amoui^t of speculative • 
elemerit, and perhaps identified with the majority of 
the best fields, while also affording the simplest con- 
ditions for ascertaining the position and limits of the 
accumulations, and consequently tfie best facilities for 
the purpose of well-locations. 



AjijticUnal folds, being comparatively \\eak structures 
and prone to the effects of denudation, do not often 
show any topographical coincidence#in contour, and more 
frequently form valleys than otherwise, although the 
fianks are sometimes mailced by escJlirpment -ridges on 
either side. In some cases, hoyever, but generallj^ in 
strata of younger or Tertiary age, the surface ef ^the 
ground is found to show some conformity to thok struc- 
ture,® and, as in the accompanying illustration ^fom 
Jap%n (Fig.»ll; also see Fig. 13),’ 1^)pograj)hical anti- 
clines sometimes exist. A fine example of an antic^nal 


lOi^ ooooioXKoa Ain> tmtOJOfft itar , 

ralley is that aiinrisd Iqf tli# 'Svtmt' ill 

Sheep Bimr dutiict of S^hem .Alborllj, Ciioada, in 
whkh is situated the "Dingiiian FMd*' (Big. 12). 
This lies on strata of Cretaceous age. , 

The fleziug ^of strata n&y, *of oohrse, be n)f every 
degree <d intensity and character, from almdbt itti^r- 
oeptible undulations to coiqpressed folds, mid the )anti- 
(ftines majr be 'wyle or gentle, narrow or staroogly burved, 
lE^nu^trioal or asymmefrical, axially vertkal or inclined 
at any i^le, while the curvature may be slight or 
accentuated. For the purpose, however, of afford^ the 
conditions demanded for the concentration of petrcdeum 
by means of differential gravitation, the undulations 
must be sufSciently pronounced or the flexing intense 
enough in order to provide the requisite indinatiOQ of 
'the reservoir, which latter may vary according to the 
oharaot6r''of the oil and the nature and porosity of the 
containing rock, and the consequent amount of friction 
and capillary attraction. 

Ant^lines which are nearly symmptneal, or axially 
vertical, with similar dips on each side, are not of frequent, 
oocnirence (see Fig. 13) ; usually they are mcHre or less 
asymmetricaf and axially molined'(see Fig. 16), in which 
case one side is consequentlj?* steeper than t||^ other, 
while the inclination of the axis can vary4)r inerea^ to 
such a degree that one limb of the fold may become 
vertical, or overhanging so m to constitnte an oyetlold 
(see Fig. 17). • 

The symmetricalBantioline lyith gentiy inclined flanks, 
which is usually considered or typifled as the most 
favounable 4orm of anticlinal flexure forcpetrcfleum, is 
rarely found in liiature (Fig. 13). It appears, howevmr, 
that<armcre important consideration «r leatofe than 
that ci sjrmmefcrjr is the degree of cnrvaltira of, the 
flex^jres,. their aontencss or othwwise, it gnae^y 
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Photo by I. A.^tigand. 

Fig. 11. — A “Topographical Anticline “ (or “Anticlinal Hill"), Urase, Echigo, Japan. 



Photfi hy A. W. Dingman. 

Fig. 12. — ^Turner Valley (with the? Dingman Field), S.W.^tberta, Cimada. 
An*" Anticlinal Valley.” 




Photo hy I. A. Stigand, 

Fig. 13.— Type of almost Symmetrical Anticline, with favourable degree of 
Curvature (also a “ Topographical Anticline 



•gof 'd aof>/ oj^l 
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wm iKvoufable itk tib«*fii^diDg not to be acute, or eneed 
* cMtain requisite degree of ourvature. 

Sux cases where the strata are flexed in a degree of cur- 



Fig 14. 


vature such that no tangents to^he curves make to- 
gether an angle which is less than a tjght angle, the lines 
of bedding can be repeated in parallel «sequenoe with 
similar curvature ad infinitum, for any thickness os 
subjacent strata.* In this case the 
folihng is not acute (see diagram, ^ 

Fig. 14), / \ 

Where, on the* other hand, the / \ 

folding is acute,. so that lines tan- 
gential to the curves of the flexures 
make together angles less than a 
right aa|d*f onrvalure'of parallel 
subjacentstcata must be<^me smaUet* 
in,jadius (see diagram. Fig. 16), 
until, thewetloaify, the ^structure 
would*be rednced to a oemral ooae> 
it beu^ possflde only for strata tS 
a certain to take their {Aaoe in a particular 

Md. Ik be observed that the thickness 

of M oistdnt. Imded series is greater thin csuU be 
oQrtijjiind In piiah an aerate fdid. It, is evildvit, ^n, 
tibdt % thgOflin |l swiste JMchng some 8^ of adjj^^ 



Acvte Fo/dmg 


*^»**^ ^«* fi. MikiiMBit iitedtiiiST. 

iWij/tMliWWtt ^ fW, Winroa* •aumaumwij, mau 



104 OCCXJIBBBI'ICE and geology of PETROLEUM. 


« 

or rearrangement must be effected by disturbance 
extensive faulting, or sometimes by overthrusting, al- 
though in some cases more yielding strata are present 



Fig. ftj. — “ Inclined Axial Plane." 

which would, to some extent, adapt themselves to the 
•conditions,^ and it is true also that solid rocks often 
appear to have behaved almost like plastic bodies under 
the great pressures which have contorted them, in co- 



i^peraloion, doubtless, with the downward pressure Caused 
by th^« weight of vast superincumbent masses of strata ; 
while a^ain, the softer strata, or such as coptain only 
thin aeait\|3 of sandslone in the clay, frequently become 
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njpre acutely or highlyt folded than those consisting qf 
massive and indurated sandstones or limestones. 

• Thus, •acute folding is not so suitable for the existence 
of accumulations of petroleum, because the u^mal accom- 
panying 4isturbarAje or^fradturing did not favour the 
retentions the reservoirs ; while the circumstance that 
the structure at depth m^ differ widely from that 
discernible on the surface renders the locatiftn of tlie 
accumulations and well-sites morfe difficult and^eculative. 

It thus appears that the question of symmetry and 
gently inclined flanks is not of such consequence as the 
nature of the curvature, as it is ofident that a flexure 
may be very steep on one side and yet .comply with the 
requisite degree of curvature — in which e^ise it would, 
of course, have to be gently inclined on the other wing ; 
some favourable flexures, for example, may be observed 
to be inclined at an angle of about 75° on ond side and 
10° on the other. 

To this favourable non-acute type of folding many 
fields (e.f/., in Bq;rneo, Burma, Southern Russia, and 
Japan) owe their productiveness and duration. On the 
othftr hand, the folding must be sufficiently pronounced’ 
to provide facility, or stiitable inclinations, for concentra- 
tion by means of gravitational sorting-— although some- 
times cqmparatively slight undulations appear to have 
been adequate for that purpose. 

In connection with the inclinatipn of the a'pex-locus, 
anticlines with inclined axial planes* are often described 
as “ asymmetrical flexurei?^'’ (see Fig.» 16) ; although in 
Nature such anticlines are usually asymmetrical, it* is, 
nevertheless, apparent that symmetrical fdldingt may 
also have an inclined axial plane, while ^here cA)uVi l?o u 
hypG^hetical caso of an asymmetrical fold with a vertical 
apex-locus. JPot the purpose of the location of l>orings 
in connection with anticlines of hading axial plaije — 
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vhich is the usual condition, it^ is obviously necessaiy 
to make allowance for* the deviation from the vertical 
of the apex-locus in accordance with the expected depth 
at which the oil-bearing beds may be found ; the aijiount 
of such allowance may be apj)ioximately estimated by 
calculation,* although flexures are, of course, seldom 
regular, and the position often complicated l\y dis- 
Idcation aW disturbance, as well as by the atteftuation 
and sheari<?g of the lihibs — which is Usual in •'sharp 
folding, while the axial plane, in the case of compressed 
folds, may not be straight, but proceed downwards in 
a curved line. 

Non-recognition ^of the hade of the apex-locus, or the 
presence of a. steeply inclined flank, in axially inclined 
anticlines, has frequently brought about abortive opera- 
tions and the acquisition of useless land, more especially 
in cases where the dip of one side approaches verticality, 
as in the example of the Grozny Field, ill the Northern 
Caucasus, ‘where borings have been* made and lands 
procured on the nearly vertical northern flank, ourwhich 
no chance of reaching the petroliferous strata can exist. 

Anticlinal ^olds must always die out, and the general 
manner in which they gradually disappear is by flattening 
out ; although sometimes it m'ay be observed that they 
merge into inclined strata, or arc abruptly terniinpited 
by dislocation. Thus, there is practically always a 
gradual sinking of tKe axis, of greater or less intensity, 
the directions of strike on each side gradually becoming 
convergent, while the outcrop3 of successive beds pass 
over and become unitecj in the locality of the axis (c/. 
Fig.^ 18). 

The iioillsequoqt existence of such elevated portions in 
antfcKnes is of much practical importance?, the productive 
or most productive sectors being frequently conQned 

t * Holland,* Sir T., Journ. Instit, Pet. Tech., vol. i. (1914). 
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k) them; occasionally* the axis may rise and fall, bat 
such a condition is not of common occurrence, the flat- 
^ening-t)ut or sinking usually only taking place in the 
two Sections from the sumnrit ; although* it is often 
of interhajttent intensity, thus ^ormii^g local steeper 
declinations of the axis or giving rise to convex semi- 
periclines or ‘'cupolas,'" which are generally^ very pro- 



Fig. 18 . — “ Sinking of AnUcHnal Axes.” (Concurrence of 
strikes and uniting of the outoropj».) Diagrammatic. 

» 

ductive, as so well typifVed in the fields on the Sanga 
Sanga anticline in the maritime jegion of Koetei, Eastern 
Dutch Borneo. The longitudinal distance %,long* njhich 
an anticline is productive is primarily ^lependbn^ on the ’ 
abtftidance of the oil and gas present, s^nd consegfltotly 
on ^the position of the water-limit |n accordance with 
the amount of sinking — ^where the reservoir-strat.> ape 
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continuous or persistent. The more depressed parts oS 
anticlines, however, are not seldom equally productive, 
and this circumstance is sometimes attributable *1)0 the' 
presence of * transverse faults, which have, as it yvere, 
divided the anticline into a'nuihber of chambefrs ; but 
it may be also due to the reservoirs being discontinuous 
or of not uniform degree of s^.turation, on account qf the 
^termination of, of variation in, the porosity of tbe oil- 
bearing beifa, as is tlio ‘most frequent condition*. In 
some cases, such irregularities in the sinking of the axis, 
as above described, have afforded the positions of con- 
centration. 

In some regions fj^e folds run for very great distances, 
as in Eastern Borneo, in which case the sinking is only 
gradual, the concurrence of the strikes of the strata on 
edch side not being strongly marked and at first confined 
to the axial area ; where, on the other hand, the flexure 
is short, the sinking is more rai>id, and the structure 
becomes more of the nature of a periclihe or dome. 

Perhaps the finest examples of anticlinal folds extending 
for great distances, with an only gradual pitch, and of 
favourable for^m and curvature, are to be found in the 
region occupied by the Tertiary * coal and oil-bearing 
series in Koetei and the Mahakaii district. Eastern Dutch 
Borneo. The exploited anticline in the maritime*regvm 
of that country is productive for a considerable distance 
to the south of Sangat, Sanga, which locality is situated 
in the neighbourhood 'of the most elevated j)ortion of the 
flexure, and is traceable for many miles farther south, 
only gradually sinking oi; flattening, as far as the coast. 
Likejvise, on the north the fold crosses the^Sanga Sanga 
* River, whefe it is ^ill highly productive, thence tra\'ersing 
the w*i(\e mouth, of the Mahakan Rivei* on the ndtth 
side of which, at ^Coetei Lama, productive ^ells have 
also Veen obtained. 
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Anticlinal or synclinal flexures, although most fi^- 
quently having comparatively straight, or slightly curving 
•course^^ in some cases are found to be more sinuous, while 
in some rarer instances they ^ may be foupd to bond 
right? roijnd, as for exant^ple^ th^case of the oil-bearing 
anticline** bf the Grozny district, in Sbuthern Russia, 
which turns right round to a southerly trend that is 
almost at right angles to tbe previous direction, at the. 
same»place rapidly pitching down* or sfnkin^^^^he same 
flexure is supposed to. rise up again on the south side of 
the Terek River, where successful results have subse- 
quently been also obtained, continuing thereafter in the 
more southerly course. 

Not infrequently, a series of ndrmal flexures may 
interosculate, anticlines commencing in the synclina'f 
regions of the adjacent sectors before the adjoining 
anticlines have entirely disappeared ; while »sometimes 
the various folds in an area may not be parallel, but 
trend in different directions, forming a divergent and 
interosculating series of folds, presenting an appearance 
very much like that of the corrugations produced by 
slightly creasing a handkerchief or other thin fabric*. 
Such series of folds may not be easy to unrdvel, especially 
when exposures aye not abundant, or where the structure 
may have become much concealed by later or super- 
flciil accumulations. Such conditions are found in the 
Klias I'egion in North-Wdstern Borneo, in connection 
with the petroliferous Tertiary series, although in this 
case they are accompanied by disturbance and faulting. 

A peculiar type of anticlinal folding is that whi^h is 
sometimes called the “ uplifted* or open anticline/' such 
as is found, in parts of the Crimea and in Trinidad^ and » 
oth^r regions;^ in this case the dips^ increase. toyjards 
and become steep on both sides in tlfe neighbburhood 
of Hhe axial region, where longitudinal faulting often 
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exists ; while the synclines may sometimes be of a gentle 
di^ and broad. Some folds o^ this description majr 
have had bulging tops which have been entirely removed, 
by denudation. 

Such anticlines rarely "^giye ^ood commercial re^iults, 
although not infrequehtly associated with prdjific indi- 
cations and copious exudations of petroleum. Such 
conditions^ occur in the region of Kertch, in tljj^ east 
^of the CiT^mea, where ^shjirp anticlines of this character 
bring up tlfe petroliferous Lower Miocene or Oligocene, 
such being separated by wide synclines occupied by the 
gently inclined Upj^r Miocene or Pontian deposits. 
In this area numerous borings have not led to successful 
results (although ki the case of the Tchengelek Field 
fsome results have been obtained in a flexure somewhat 
more favourable in form), while abundant and copious 
seepages a^e connected with the anticlines, as also mud- 
volcanoes which are so remarkably developed in the 
district of Bulganak in the north. Similar conditions 
may be saicl to extend across the mouth of the Sea of 
Azov, to the Taman Peninsula on thfe other side. In 
this case the general structure might be explained by 
the plicating movements, or lateral pressure, being pro- 
longed after the more resisting rpcks (such as the Pontian 
sandstones and conglomerates and feertch limestone) 
had been removed by denudation from the anfficliflJ&s, 
such strata continuing to fortify the synclines against 
compression similar t^Hhat effected in the anticlines. 

In some instances very large and broad flexures, 
occupying wide regions, or ^anticlines, are features 
associated occurrence of petroleum or gas, as 

in tfee great example afforded by the Cincinnatk region 
in Nortti America ; while such often contain minor 
und^atibns or • subsidiary structures which may be 
identified with the occurrence of the accAmulatidns. 
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The wide and gently dipping anticline of the North an^ 
South Downs and Wealden area, in England, might also 
be call^ a geanticline, in which case some subsidiary 
flexures or undulations occur in ^ome parts of ,the central 
area, *as,„for instance, in tto neighbourhood of Heath- 
field (Sussex), etc., where natural gas has1)een found. 

Generally the folding and successive flexures may be 
observed to become more compressed and i^xially in- . 
clined^as the central region of uplift ot* a lar^i^^ass, or 
the main mountain-chain, is approached. Among oil- 
regions, a notable example of this condition is found in 
the Caipathians, where such series of folds, having their 
axes more or less directed towards the central chain or 
centre of uplift, are met with in Galicia and Roumania, 
the flexures becoming less compressed or inclined and'* 



Hg. 19. — Progn^sbivenc^ss in AHymnietry of J*Hrallel t'ulds. 


more symmetrical as the x>lains are approached. In the? 
same manner a remarkably progressive seqhence of such 
different types of, folds ds visible in the Appalachian 
Mountains of North America, and strikingly illustrates 
a ^fadual increase in deformation. From more or less 
symmetrical flexures the folds gradually become more and 
more asymmetrical, until one side ..is sometimes nearly 
vertical, and the axes gradually beqome more inclined 
until the flexures become overfolds. Likewise, a pro- 
gressiveness (Fig. 19) in the as^ymmetry and ax^al in- 
clinations of anticlines is well exhibited by the ^ucce^ion 
of Ijjng parallel ^olds, with which the Tertiary coal ,and 
oil-bearing series are corrugated, in the* eastern portion 
of the basm of the Mahakan Rivei^, i]|(oetei, Eastern 
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Dutch Borneo ; in this region^ the successive flexures 
become more axially inclined the farther westward from 
the coast that they are located, commencing Yfith th^ 
exploited oil-bearing anticline of Sanga Sanga, in which 
the inclination of the axis^anc) the asymmetry afe not 
so pronounced • 

Such composite arrangements of folding as are observed 
m mountain-systems, as in*"the case of the Carpathians 
and the^^^ps, Ifave 4)eon regarded as comprising great 
anticlinoria, the principal axis or crest of which would be 



represented by the central core or crystalline *ma86 in 
the main mountain-chain. iV more feasible explanation^ 
however, is that these features are due to the strata 
having been compressed and puckered against the great 
central core of schists or prot(^ene. 

In somer oil-regions, ^ however, structures resembling 
true anticlinoria — on a smaller scale than in t&e cases 
jusjb mentioned-“are found, more frequently in the ^reas 
contafeiing thee mPre yielding or argillaceous strata. 
Thus, in some sgreats of Trinidad occupied by tke NapaArima 
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(^lays, such systems o"^ folds, subordinate to one pre- 
dominating uplift or bulge of sufficient intensity to keep 
that styatigraphical formation on the surface over the 
greater part of the area concerned, are sometimes noted. 
Likei^se^ in Barbados, although on a still smaller scale 
and not ■ehtirely confined to the softer® or argillaceous 
deposits, such a description of folding is occasionally 
discernible in the highly folded strata of the potroliferous 
Tertiary (“ Scotland ”) scries. 

Domes. — There may, of course, be all gradations 
from a pitching anticline to elongated domes or peri- 
clinal structures, but complete or symmetrical domes 
are of rare or unusual occurrence, •although modified 
structures of this description are sometimes caused by 
the transverse meeting of two flexures, or series cjf 
movements and compression in different directions. 
Examples of such elongated dome-like structures are 
found in Trinidad, as in the field of FyzaJjad, where 
two such irregular domes, not in alignment as to their 
axes, comprise tfie principal areas of production. In 
regard to other descriptions of domes, allusion may be 
made to the dome-like bulges sometimes® produced by 
igneous intrusions and ^laccoliths, in overlying sedi- 
mentary strata, although there do not appear to be 
known examples of any such being connected with oil- 
accumulations ; those foriAerly supposed to have thus 
originated in the oilfields of Mexico .being most probably 
of j)rior formation to the intrusives u^iich appear to have 
been subsequent to the production of the salient geo- 
tectonic features.* Further, thdre is the particular type 
of the Saline dome, as exemplified in Texas aj[id Mc»cico 
(Isthmus of Tehuantepec), and also fodnd in Rouyiania 
and Algeria, etc., which has ofteh lA'oduced •prolific 
♦ Stewart, P. C. A., Journ. Inst, P, T., voL.ii., pt. ^ p. 11 (Dec. 1916). 

• ‘ft 
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results. Numerous hypotheses have been advanced ipi 
explanation of the origin of saline domes, and the litera- 
ture concerning them is so abundant that it is not» neces^ 
sary to dea^ with the subject here.* It seems, however, 
most probable that they ar^ thj resuK: of the action of 
geotectonic forces on the plastic saline masses with 
which they are connected, along lines of weakness or 
possibly dislocation, in a similar manner to th^ more 
exaggerate cases foufid ‘in the Carpathians, wheie the 

Salifere has sometimes been thrust through the over- 
lying strata, giving rise to the diaper-structure of 
Mrazec.t Other hypotheses explaining the origin of 
these domes are that they have been caused by grov^iih 
due to the crystallization and consequent expansion of 
the salts, and also that the latter were deposited by 
mineral springs contemporaneously with the surrounding 
sediments. 

The occurrence of such saline domes is being found 
to be far more widely distributed than was generally 
supposed. 

3. Petroleum in Synclines. — It seems doubtful that any 
typical examples of synclinal accumulation actually 
exist, although oil may be found inw minor synclines, 
subsidiary to some dominating structure, where the 
petroleum is sufficiently abundant to fill them, or like- 
wise where some independents feature may have given 
rise to accumulation.*' As has been pointed out, if the 
rocks are dry, oil would tend ,^o sink downward in the 
reservoir-bed and accumulate at the bottoms of the 
synclines ; but the actual occurrence of such cases is 
questionable, although sometimes supposed to^ exist, 

* A difij^uBsion and bibliography is contained in a paper by Sherburne 
Rogers, G., Eton, Qeol., vol. xiii.. No. 6 (Sept. 1918). '' 

t M^azeo, L., Bull, Soc, Set., Buoarest (1906). 
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while the presence ef mrater is necessary in order 4 k> 
promote concentration and effect accumulation. Such 
(onditidns have occasionally been reported as found in 
connection with some pools in* the Appaladhian fields, 
but thei]p.Qnly respectinf; minor synclin^s or subsidiary 
structures, while often water has been subsequently 
foundafarther down dip. . ^ 

In tfie instance of the San Juan \ field ip'^Soutli- 
Eastefti Utah, which is situatSd m a semv>^d region, 
it is supposed that there is little water in the formations, 
and that oil should be present on the fianks of the broad 
syncline which underlies part of the* district. 



Moreover, the strata for some depth in synclines would 
come to the surface and crop out,*and water would be 
thus admitted to the porciis beds. 

Another way whereby oil might come to be present 
in synclines could occur when some accumuTatioir might 
have a&eady taken place by means of ^ prio^ influence, ' 
befdre the advent of the predominfint folding for 
insti^nce, in the ease of the reservou; having previously 
* WoodiaS, E. G., UA 0. S. Bull. 471 tl«12). 
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been sufficiently tilted or inclined so as to have produce^ 
gravitational sorting, the oil might remain in those syn- 
dines, as well as the anticlines, formed in the*^ region 
of the reservoir formerly occupied by it (see Fig. 21). 
Clear examples^ of sxwih a condition, ‘'howeveff do not 
appear to be forthcoming or known, while it is, ihoreover, 
likely that some percolation, of water from above jrould 
4}ake plp^^e* whic^ would ultimately find its way Ho the 
synclinal tfeugh. 

In the case of the occurrence of a very heavy oil, of 
about the same density as water, such might be present, 
to a certain extent, ‘associated with the water in the 
synclines, although petroleum of sach a character, being 
generally duetto inspissation, is usually found near the 
outcrops. 

•■In the conditions of reservoirs of limited extent, or 
interruptidns and variations in the j)orosity of horizons > 
deposits might occur on the flanks of syndines, but such 
would come under accumulations iu inclined strata > 
which have already been considered. 

5. ACCUMULATIONS IN HIGHLY FOLDED 
OR DISTURBED STRATA. 

Strata may, of course, have been more intensely in- 
fluenced by crustal compression and pli(‘ating move- 
ments, so as to have, become convoluted or contorted, 
and much dislocated, 'while sometimes forming a complex 
system of minor folds and crumnlings difficult to unraveL 
It in evident, however, that such structure cannot be 
regarded as iavourable for the accumulation or retention 
of oil, ivhSe sucl^ conditions must present much* specu- 
lativ3nef s for drilling. 

As might be expected, then, highly fold^ and ^s- 
turbid strata arefrnot frequently associated with important 
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deposits of petroleum^ instances of such occurrences 
under these conditions being practically confined to tlie 
,Tertia 4 jjies, and but rarely found in strata of pre-Tertiary 
age, while it may be said that no such examples are 
kno\^n ij). the Palaeozoic 

Perhaps the most important examples of deposits of 
petroleum associated with disturbed formations, are 
those* iound in the Carpathians, where, in ♦he regions 
near the centre of the uplift, ijie oil-b8aring ^fata have 
been sharply folded, much dislocated and often over- 
thrust, while so great has been the lateral pressure 
that the Miocene Salifero has sometimes been tlirust 
up so as to pierce the overlying deposits, as in that 
which has been termed “diaper" -sl5*ucture by Mrazec. 
Likewise, in California, fields exist where* disturbed and 
complicated conditions of structure obtain — as, the 

M'Kittrick Field and others ; such have Jbeen fully 
described in an extensive literature, and thus will not 
require further albision here. ^ 

In the Maidan-i-Naftun oilfield,* in Southern Persia, 
disturbed structure and compressed folding is found 
in*connection with the oil-bearing flexure, which some- 
times becomes isoclinal and accompaified by over- 
thrusting, also passing* into fan-structure ; although 
some portions, among them the most productive, appear 
to**be more of the nature of a comparatively regular 
anticline. 

In Trinidad many of the fielrls are associated with 
conditions of disturbance or great pjication, but in some 
of the more disturbed areas {e.g., the Tabaquite Field) 
exploitation is only successful* on account# of tjie high 
grade t)f the oil which is obtained. The petroliferous, 
Teiitiary series ]fi Barbados has been subjected to ^ense 

*£usk, 'J. and Mayo, H. T., Journ. Inst. iJ. T., vol. v.. No. 17 (Dec. 
1918). 
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plication, often of an almost convoluted description, with 
fa!h-structure on a small scale * sometimes observable* 
the structure resembling that of a miniature mountain-^ 
system ; while, up to the present time, drilling has hardly 
been there attended with commercial results, ^although 
a small output^ has Been obtained from soiii^ of the 
borings at Turner’s Hall. Likewise, in British North 
Borneo, tlyj petroliferous Tertiary series on the we^jB coast 
IS mucli disturbed and folded, so that borings ther^* have 
not been suctessful. 

In some instances disturbed and highly folded con- 
ditions may obtain in, some parts of a region, or over the 
greater portion of it, while in other parts, areas of com- 
paratively little disturbance or plication may be found, 
fwhere the str&ta have not been much affected. This 
njay be due (where various descriptions of deposits occur; 
to a differential folding in strata of different consistency 
and resistance ; thus clays or soft shales, and thin seams 
of sandstones, would be likely to yiel^ more to the dis- 
turbing influences than massive or indurated sandstones, 
conglomerates, or limestones. 

* For example in Trinidad, where the Tertiary deposits 
are generally «much disturbed, such areas of compara- 
tively less disturbance and sipppler folding, or even of 
little-inclined beds, are to be found ; but the formations 
composed of clayey strata and softer deposits, or Of a 
predominance of such, generUly prove to have become 
the more intensely,. 'folded or more complicated in 
structure. 

In some fields the strata apj^ear to be more disturbed 
and*folded the surface* than at a great depth, as shown 
by data ol^tained from the logs of borings.* This would 
certainljr seem to* be the case in respect ^f some fiel(^ in 
Trimdad*, while ‘similar conditions have been observed 

* While, m some oa(«8, 'folding appears gradually to die out Tvith depth. 
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by Dr. A. Wade * in Papua on the field of Upoia, 
and also at Orevi), although in the latter case he Ifas 
, attributed the cause to undermining and the removal 
of softer sediments below by the action of underground 
watefrs and the consequent collapse, or settling down, 
of the •tfverlying strata. Suclf conditions, however, 
could be brought about by differential folding in different 
char^^ters of rocks or deposits (as consideied above), 
althogigh the nature of the ^eiiosits^ does alwayS 
quite serve to meet the case in the examplos noted. But 
this feature could be also explained, where the move- 
ments and folding were of late o^ recent occurrence — or 
are still in progress, as due to the formations having 
become more disturbed, by the movements, at or near 
the surface than at depth, denudation noiff having accom^- 
plished the removal of the more disturbed zone ; for 
it is likely that the superficial deposits would^ yield more* 
readily to the movements, or would be more susceptible 
to disturbing infl}|iences, than those supporting the weight 
of masses of superincumbent strata. 

It is sometifiies supposed that the association or 
proximity of vulcanicity is connected with an unfavour- 
able or disturbing .influence. The rewrse, however, 
seems often to be the caj^c. Not only does volcanic action 
appear to have generally intersected the sedimentary 
rftfjks with the production of little or no disturbance, 
but it is often observable that the strata are little dis- 
turbed in the neighbourhood df, localities of volcanic 
activity in regions where elsewhere they may bo highly 
disturbed or folded. Thtis, in Java, the volcanoes appear 
to have cut through the sedimentary form|»tions without 
disturbing tliem in the environs of the former, fragments 
0^1 the Tertiayr strata being often found amongst the « 
volcanic ejectmenta — for example, •on the acti'^e VMcano 
* Report on Petroleum in Papua, t91^ pp. 9-11, 
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of the I^pandaijan pieces of the Tertiary “Kalkstein"' 
strewn around the summit, Vhile favourable condi- 
tions for the occurrence of oilfields occur in the Tertiaries 
not far from the volcanic mountains. In British North 
Borneo, where disturbed conditions^ of the Tertiary 
strata generally, prevsfil, particularly on the ^^^yest side, 
the Tertiaries on the east side, in the region of the Dutch 
boundary |bnd Sibuko Baj^, wlierein andesites occj^ir and 
Volcani&^<jHion of a sjibsequent ]>eri()d has takeii^ place 
in the neigUboarliood of Tawao, arc little disiuibed. 
The same conditions are noticeable in the West Indies, 
the Tertiaries in Trinidad and Barbados being much 
disturbed and folded, while in Antigua, the vestern 
portion of which i*^ composed of volcanic rocks, and in 
pthcr of the Leeward islands lying in the belt c>f vnlcan- 
icity, the Tertiary strata have been little disturbed. 

‘Further, there is the well-known instance in Ah'xico, 

'g ' 

of volcanic action having beem associated with, and 
intrusives actually traA-ersing, the oil-bearing formation, 
while somcvUiat similar conditions obtain in Jaj)an. 
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CHAPTER V. 

PRbBLEMS AND FACTORS IN THE MOVEMENT. 
.AND ACCUMULATION <OF*PEfROLET;MT 


Contents — Gravitational Sorting — Capillary Action and other Vactors 
influencing Concentration or Segregation — Difference in Gravity Hypo- 
thesis or the “ Anticlinal Theory,'* aitd Ihc^ Question as to its 
Adequacy — Gravitational Separation of (^il from Water in Sands, 
etc. — Hydraulic Pressure in Reservoirs aiM^ the Deeurrcnce of Gas 
and Motion of the Fluids in the Rocks (as promoting se])aration) — 
“ Induced Porosity " and Cavities and Fissures ii? Rocks, and the 
Separation facilitated thereby — Capillarity, Differential Porosity, and 
Selective Segregation — The “ Hydraulic Theory," etc. — The Respe*- 
tive Rules of the Factors in Concentration —The Prcssui'cs connected 
with Oil- and Gas-Accumulations— -Their Causes and Kffects— Presence 
of M’ater a Factor required for (-'oneentralion — Relation of Deposits to 
Large Tectonic Ba^is. 


It is seen that in Tno.st cases the various foregoing classes 
of fitruoture, which are identified with deposits of petrol* 
eiim and have been exemplified by actual occurrences in 
nature, are connected Mjth the principle that the ac- 
cumulations occur at the upward termination of the 
reservoirs, or in the most elevated part that Is unoccujiied 
by gas—- when present. 

Accumulations would thus apfipar to be generally 
dependent on difference in gravity^ or “ gravitational 
sorting,” for concentration into such positions. 

It is, however, probable that other factory (as alr&dy 
noticed^ have* contributed to and influenced or modified 
thejnovement and concentration of th(? oil, such%,s, e.^., 
moving or percolating waters, ca'pillffl’y acti^,* *and 
varjring pciosity, as also hydraulic* pressure and the 
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action ot gas, and that in some cases difference in gravity 
ulhaided by such would not be capable of completing tHe 
movement and collection of the oil into accumulations, 
or provide sufficient force to oppose the resisting in- 
fluences encountered in the rocks or deposits. •Wliile 
in some cases, as when the inclinations of thft beds are 
low (e.g.j in the Appalachian Fields, where the dips do 
npt oftenr exceed 2°), such ‘factors may have jy^vided 
the m^l^^imporfant ftge*ncy in concentration — al|ihough 
in that instance the accumulations seem often to conform 
largely to broad structural features. 

The hypothesis based on difference in gravity has, 
indeed, been sometimes disclaimed or criticized as being 
generally incapable of accounting for the movement and 
separation of*oil in the porous rock, the upward hydro- 
.^tatic force thereby exerted on the oil having been 
considered as insufficient to overcome such opposing 
forces as adhesion, friction, and capillary interference, 
which would be encountered in the, rocks. Thus, the 
adequacy of this hypothesis — sometimes called the 
" anticlinal theory— has, for example, been questioned 
by M. J. Munn,^ although mainly in consideration of 
the exceptiohal conditions found in the Appalachian 
Fields (with especial reference, to those observed in the 
Sewickley Quadrangle). This authority has mentioned 
molecular repulsion of oil and water, capillary adhesion, 
interstitial molecular cohesion (which is proportional to 
the viscosity of the* oil), and both static and kinetic 
friction, as forces feting in opposition to the movement 
of oil in water. It is probabfe, however, that only the 
thr^ last-nf^med are of much importance. 

Tlie hydrostatic force exerted on oil in upward direction 
may ^1)6 usually* taken as being equivalent to aJ)out 
30 per*cent. of *the ‘weight of the oil, in the ease of an 
♦ Ecvi . deoL , vol iv., No. 2 (March, 1909). 
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average oil — of a specific gravity of about 0-8, in saline 
water slightly denser ttian pure water — as, in tTie 

instancy of the oil and water found in the Hundred-foot- 
Sand, the specific gravities of which are about '7977 and 
1 *06 fespectively. 

Now, ^^ile gravitational separation does not readily 
take place in fine sands, and not at all in sands or other 
media* <)f less than a certaih critical degree o< porosity, 
it appears that such separation oi the* oil is fiected in* 
sands or other media of comparatively large-sized grain 
or pore-space — i.e., within certain limits of porosity. 
That this is the case can be experimentally demonstrated, 
although the process may be gradual and require time 
(under static conditions), and not al\vays be readily or 
completely brought about ; but this iff largely due,^ 
when in experiment the materials are confined in enclosing 
vessels, to obstruction of the necessary displacement of 
air — as well as to the capillary interference. 

It can be further experimentally shown that gravi- 
tational separation can be promoted by water-pressure 
from below, likewise by passing air through the sand, 
and when, moreover, the separation has been started 
by this latter method^ it generally afterwards continues 
with more or lesj readiness. This latter circumstance 
may probably be due to the formation of minute channels, 
or xflassages for movement, through the sand. 

Gravitational sorting is^ further promoted by any 
motion of the liquids, such tending* to overcome capillary 
interference. 

Now, in nature, it is probable that the presence of all 
the influences aiding gravitational separation, suefi as 
those just noted, is to be found. 

Thus, as regards hydraulic pressure* this appe^^ to 
be most generally present in conned tiorf with or*around 
oil-pools. I'hat this is the case would i^em to be evidenced 
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by the circumstance — as previously observed — that oil- 
^ws frequently give place to water, which encroaches 
in the reservoirs on exhaustion, and that sopetime^ 
production from wells is found to increase after high 
rainfalls, also that flowing wg*ter-wdls are frequently 
encountered orp anticlines — or in connection *^rdth other 
structural conditions of similar influence ; while the rise 
o{ the oildn flowing wells is' probably largely dueAo this 
cause, ^i!NConjundtion«with the pressure of gas — alj^hough 
the latter aione can also raise the liquid. The existence 
of such hydraulic pressure in anticlinal folds has some- 
times been questioned, on account of higher drainage- 
areas being apparently unavailable. Not only, however, 
are adjacent folds ‘not infrequently of higher pitch, thus 
. bringing the Reservoir or the porous beds — in the ease 
q.f such being continuous — to a higher elevation therein, 
and consequently providing a “water-head,'" but a certain 
amount of percolation of water from above generally 
takes place — as through faults, fractufes, joints, or other 
fissures and means of communication with the surface, 
and in this manner the necessary weight of water for 
giving rise to hydraulic pressure in the reservoirs would 
be provided^ this is assuming «that such facility for 
ingress of water has access to, ^r the \^eight of this water 
is mainly distributed over, the less elevated parts of the 
reservoir or those not containing oil and gas — as wb*uld 
appear to be generally the case. Even supposing, how- 
ever, that water had 'access also to the elevated portion 
of the reservoir thg^t contained oil and gas (these not 
being able to escape easily), the pressure created by the 
column opeiating in, or from the direction of, that region 
of the resqrvoir would not be so great as that acting on 
the inf&ior or wa\er-containing parts, si|jce a portioji of 
the foMner colifmn ‘would be occupied by oil and gas. 
If oil and gas w,prd absent, probably also hydraulic pres- 
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sure would often be absent in anticlines or in the upper 
regions of the reservoirs, the water not reaching the 
summit. 

In some fields, however, exhaustion of th€^ petroleum 
does hot appear to be jiccompanied by any. encroach- 
ment of w3,ter in the wells, but this msif be due to the 
hydraulic pressure having found equilibrium, before the 
water l»d risen to the level of that part of th® regervttir 
which is at the position of the wells — on the removal of 
the gas and oil. 

This circumstance, as well as variations in pressures 
and in the levels of the static hoads of the water in 
different wells within the limits of certain fields, has 
been regarded as inconsistent with tlJe hydraulic theory 
of pressure.* But such variations may 'obviously be ' 
affected by varying conditions of porosity and means of 
communication through the rocks, as also by facility 
of access from other areas or local interruptions in 
such, and finally » by the amount of gas .formed or 
present. 

It is not, however, intended to suggest that gas is not 
also an important factor in causing pressure or in raising* 
oil in the case of spouters — especially whefi occluded in 
a supersaturated state in tlie oil. 

In the case of arid regions and conditions of the rocks 
not being fully water-logged, such water-pressure must, 
of course, be frequently absent. 

In some instances water under pressure, of deep-seated 
or thermal origin, may be present, asi| e.gr., in Tcheleken, 
where hot saline springs under considerable pressure ^are 
associated with the oil-deposits. 

Like\fise gas, either generated from the ^il— aS of 
dynamo-chemicaj origin, or derived from other or |cjiver 
sources, and the transmission of it tKrough the reitervoir- 
* Thompson, A. B., " Oil-Field Development,” 1910, pp. 131 ^nd 132. 
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ro^ks, is not unlikely to be present, and to promote the 
separation in the manner above indicated. 

In another way, gas transmitted through the fluid may 
bring about some separation and accumulation, by 
carrying up oil as envelopes of Irubblefi. 

Furthermore,* some motion or flow of th4 oil and 
water may not improbably ^take place in the reservoirs 
ohis^also giving aid to gravitational separatida. Al- 
though oil-deposits often* appear as though hermetically 
sealed until penetrated by the drill, that some degree of 
circulation or escape is often taking place is shown by 
the usual occurrence *bf seepages or exudations of oil and 
emanations of ga^, the pressure of water gradually 
forcing out t^e oil.* Moreover, there is probably from 
time to time some rise and fall of the water-level in the 
ifeservoirs, due to variations in the amount of meteoric 
water or In rainfall, as also to the formation of more 
dynamo-chemical gas at the summit of the reservoir. 
In this manner some motion would- be provided con- 
ducive to gravitational separation — sts by overcoming 
capillary interference. While also the oil — in an emulsion of . 
the fluids — w^uld tend to become left behind in the sand as 
the water fell, thus being also separated in this manner. 

An important circumstance, however, facilitating gravi- 
tational separation, is the probable presence « in the 
reservoir-rocks of super-capillary interspaces other and 
larger than interstitial, such as fissures, fractures, joints, 
cracks, cavities and 'other openings, within which gravi- 
tational separation^ would b^ able to take place un- 
restricted and unimpeded, and not be affected by capillary 
interfecencef Such super-capillary openings would be 
chietiy *dut> to “ jnduced porosity," t which is probably 

* Such^esoapes sometimes appear to increase when the rainfall is^igh, 
^hich circumstance youM tend to indicate that this is often the caus£ 
t Lauer/A. W., Eton, CM,, toI. zIL, No. 6, p. 436 (Ang. 1917). 



FBOBLEMS IN MOVEMENT AND ACOUlftjLATION. 127 

9 * 

greater importance ^and more frequent occurrence 
than is generally suspected, including such openings as 
those arising from folding, as also fissures, cracks, etc., 
formed by rupturing or otherwise, and bedding-partings 
and joint£v^and softietimvjs also those due to brecciation. 
In the ca6e of loosely consolidated sands, the conditions 
for th^ occurrence of such Induced porosity are not so 
suitable, although it is probable tha^, even iE^ lo^e * 
sands, Hhere are a certain numher* of openings, such as 
may be due to folding, cracks, and cavities— the last- 
named being liable to arise during any settling-down '' 
of the sand, especially when pkrtially coherent or 
cemented. In some cases the yield^ from certain oil- 
sands or reservoir-rocks has been greater than their 
interstitial porosity might be expected to be capable of 
retaining, but it is probable that this is due to sucK 
induced porosity. 

The r61e played by capillarity in accumulation would 
be principally that^ of modifying the concentration and 
accumulation of the oil in the deposits by selective 
segregation in conditions of varying i)orosity, in virtue 
of the tendency of water (the capillary po)ver of which 
is about three times that of oil) to seek the conditions 
of maximum capillarity, the oil being relegated to those 
of ipaxiT^um porosity. In this way also, the petroleum 
would tend to accumulate in any fissures or cavities 
that may be present. 

In cases of the occurrence of conditions which do not 
give scope to concentratic^ into deposits by means of 
gravitational sorting, such selective segregation ^by 
capillary action may play the principal part or •inde- 
pendently produce accumulation,* as Jin thcT case of 
deposits in patches or lenses of greater porosity, j^^i- 
ated^with horizontal or but slightly inc}in(Hl strata. 

There has, indeed, been proposed a* hypothesis, as 
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fCi'mulated by C. W. Washburn^* which is mainly base4 
on such capillary action and selective segregation for 
the general explanation of oil-accumulation and*>separa^ 
tion. 

The eflScacy of such difIeren<Jial or' selective capillary 
action in separating oil and water can be experimentally 
illustrated by introducing two plates, placed tpgether 
’ but slightly part-ed on one side, into an emulsicfti of oil 
and water (mixed by agitation), when it is found that 
the water fills the narrower part of the interspace, the 
oil occupying the wider portion. Again, when a finely 
porous rock, or other material, is placed in such an 
emulsion, the water alone is absorbed, the proportion 
^of oil in the mixture thus becoming increased. 

On account of the difference between the surfacc- 
tensions of oil and water becoming less with increase 
in temperature, until they reach equality, the influence 
of such differential and selective capillarity should de- 
crease with depth, ultimately altogedier ceasing to be 
effective, to which condition increase in pressure would 
jBilso contribute. The depth within which such action 
would be limited has been opined to be about 3,000 feet.t 

In regard to another possible cause of separation or 
accumulation of petroleum, inT:he case of the occurrence 
of any travelling or flowing of water with oil through the 
rocks, diminutions in dip might be instrumental in 
promoting it, the oU tending to become left behind 
or settle out in the sand or porous rock at such positions 
of retardation of the current, '*’hile the water passed on. 

Another hypothesis, termed the “ Hydraulic theory,'’ 
has bt en advanced in explanation of oil and gas accumu- 
lation, such as has been developed by M. J. Munn,J; 

• Tram. vol. 1., pp. 829-842 (1915). 

t Ziegler, V . Econ. Oeol,, vol. xui., No. 5 (July, 1918). 

^ t Econ, Oeol.j vol. iv.. No. 6 (Sept.-Oct. 1909). 
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fi^d is based on moving, water under either hydraulic or 
capillary pressure as the direct agent in separation and 
accumulation — ^instead of gravitational sorting being 
considered the principal factor, but this theory was 
formulatcd^chiefly fhexplmation of » the special conditions 
obtaining^ in the Appalachian Fields. In 'this hypothesis, 
bodies ^of oil and gas are explained as being '' trapped 
and held between zones of conflicting currents of ^>ater,'' 
and imading or descending watbr iVi unsaturated rocks is 
postulated. The occurrence, however, of suck conflicting 
currents and descending water in the rocks is questionable. 

It has been claimed* that the "so-called ‘'hydraulic 
theory "" offers a better explanation^ than, or several 
advantages over, that of gravitational sorting, in that : — 
(1) “It provides an adequate means of forcing the oil 
and gas from the shales into the pay-streaks of the 
sandstones or other porous beds. (2) It provides a means 
of preventing diffusion by sealing up the pore-space 
surrounding oil aj’id gas-pools by water, uader either 
hydraulic or capillary pressure. (3) It provides an ainpk* 
source of pressure in both oil- and gas-pools. (4) It 
furnishes a better explanation of the structurpl positions of' 
pools of oil and gas, especially in the Appalachian region.'* 

The flrst-mentioned fa^5tor, however, appears to be 
bes\de the case in point, since the differcnco-in-gravity 
explanation is concerned with the accumulation and 
separation of the petroleum in the reservoirs, and not 
with the migration from the shales or clays, when such 
have provided the source ; -.this would* have been brought 
about at an early stage by the oil formed in them having 
been forced out by pressure from the superincumbent 
deposits', as also by means of selective jCapillaty action, 
into>the rocks where greater porosity favoured pccamu- 
lation and retention. 


Jhid, 


9 
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«4s regards the sealing-up of oil- gas-pools and the 
source of the pressure therein (2 and 3), hydraulic pressure 
acting in the manner previously indicated — forced 
up the reservoir under a hydrostatic head, and not 
necessarily of a traveling or (Jescending na^re— may 
also surround, and sufficiently account for, the 'retention 
of accumulations, the occurrence of this not being in- 
.cotisistent^ with the difference-in-gravity idea «»f con- 
centration. Likewise* the pressure connected wilili oil- 
and gas-accumulations may be accounted for in this 
manner, as well as by the pressure exerted by gas. 

While perhaps appKcable to the exceptional conditions 
found in the Appalachian Fields (although in this case 
the deposits seem largely to conform to certain gentle 
^undulations, and F. G. Clapp * has considered that the 
evidence there is not altogether inconsistent with gravi- 
tational atition being the agency in accumulation), the 
so-called ‘‘ Hydraulic hypothesis "" alone will not explain 
the structural positions of oil-accumulations in the large 
majority of cases — as occurring in the elevated part of 
the reservoir. 

* Although such influences as moving water and capil- 
larity, etc., as previously noted, have been important 
and have aided and modified accumulation, it is probable 
that gravitational sorting must have generally con- 
stituted the dominating influence, and in such a ma*iiner 
the situation of the deposits in the majority of cases is 
best explained. 

In short, difference in gravity, or gravitational separa- 
tio^i, may be considered to constitute the most important 
factor* in separation arid accumulation ip the case of 
strrfctijre^ having defined dips, and of the presence of 
hydraulic pressures, or of moving watersc(or of movement 
in the ^liquids) ; but in other cases of accumulations, ns 
*JScon. Qeof. Discussion, vol. iv.. No. 6 (Sept. -Oct. 1909). 



PBOBLEMS IN MOVEMENT AND ACCUMULATION. 131 


tjiat of strata having no appreciable inclination, or whtgh 
are nearly horizontal, capillary segregation would have 
lurnishad the principal influence in effecting concentra- 
tion. 

Wiih r^^erence ib the 5ressures existing in oil- and gas- 
accumulations, such may, of course, be ^both connected 
with hydrostatic pressure and that exerted by gas, by 
either or both of which influences in co-operation .the^il,, 
in flowing wells may be raised* although in the case of 
spouters the transmission of occluded gas 'through the 
oil would appear to be often the principal means of ele- 
vating it — after the manner of air-lifts. Thus, in the 
oilfields of East •Borneo the flowing wells would seem to 
be dependent on both hydraulic an& gas pressures in 
combination — although very high pressures and prolific* 
wells of gas have been there encountered. In the island 
of Tcheleken, the cause would appear chiefly •♦to be due 
to water-pressure, originating from deep-seated springs ; 
while spouters in Trinidad would seem to bQ frequently 
due to transmitted gas alone, as also in the case of many 
Russian examples. 

When gas under pressure is present, the water would' 
of course, tend to asshme the same pressiire as the gas 
— although resistajice and capillarity in the rocks would 
tend to, reduce it at a sufficient distance from the seat 
of tlie gas-pressure. It has sometimes been urged that, 
if water-pressure were to Hbld the oil, when under great 
pressure of gas the latter would tend to force away the 
oil and water through the^rocks, theJiydrostatic pressure 
not being likely to suffice for withstanding it ; Jbut, 
while this idga apparently does not take Into Recount 
such rfeistance encountered in the rocks as that dae to , 
capillarity and friction, the position of the water ^Quld, 
of 9ourse, Jbecome adjusted until the pressures ^ve^e in 
hydrostatic balance. Should such be the case (i^e., that 
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thg. water does not hold in the oiji), it would be necessarj^ 
to offer some other explanation of the manner in 
which deposits are retained in position, since rei^rvoira 
are not al\|[ays enclosed, as in conditions of lenticular 
porosity or enclosure Ijy faulting. Thus, exce^ incases 
of enclosed resdtvoirs such as the latter, the pressures 
in oil- and gas-pools cannot become greater than that 
jSxertedL b]f the available hydrostatic head — as n»odified 
or adjusted by alfowances made for resistance and*capil- 
larity in the* rocks ; although in cases where reservoirs 
are completely closed to any passage of water, the 
maximum pressure capable of being exerted by the gas- 
formed may exist, and in suqh a case this may be greater 
than that ordinarily assignable to any hydrostatic 
liead. 

• Furthermore, progress of cementation may be a factor 
giving rise to increased gas-pressure, by reducing the 
volume of a reservoir and that of the gas present— or 
being produced dynamo-chemically from the oil. 

Finally, it is worthy of note that the jpresence of water 
would thus appear as an indispensable factor in the 
ficcurrence of appreciable deposits of petroleum, or of Oil- 
fields, in effecting the accumulation and concentration, 
as well as the retention of the coil in the reservoirs. In 
arid regions the work is probably done by dee]g-seated 
saline springs, or water from marine sources ; ancf, in 
this connection, it is. noticeable that the few oilfields 
occurring in desert-regions are situated not far from the 
sea or inland waters. In the^oase of the San Juan oil- 
fiel(\ in South-Eastern Utah, situated in a semi-arid 
district^ whete the strata are supposed not to be water- 
logged, ^ tho conditions might be described as *excep- 
tion^b although it cannot be said to« be established 
that wflter does* not there exist in the petroliferous for- 
mation. 



PBOBLBMd IK MOVSMBI^ AND ACGUK[ULATi6k. 133 

• In another way, the presence of water would be need^, 
so that the argillaceous or cover-rooks may be rendered 
lidequately impervious, there being few sedimentary 
rocks incapable of a certain amount of saturation. 

With feference to the relation of oil-accumulations to 
large ^ainage-areas, from which the oil may have been 
obtained and concentrated, attention has beeft drsA^'B^to. 
the fact that the productive •anticlines or domes are 
f^quently situated on the margins of lal^c synclinal 
basins or geosynclines — which could furnish a wide 
drainage-area or expanse of strata wherefrom the accumu- 
lations could be drawn and concentrated in those folds, 
while often the further series of folds are less productive 
or barren — and also, in the case of the productive anti^ 
dines, there is sometimes found to be more oil in the 
flanks belonging to the large synclines or basins than 
on the other side. Such conditions certainly appear to 
be strikingly the case in many regions, among others — 
c.gr., in the Rocjjiy Mountain fields, California, Russia, 
Boumania, and Borneo. 

In fact, it may be sg^id that the peripheral regions df 
large tectonic basins oV depressions are in general favour- 
able to the occurrence of, and as^jociated with, deposits 
of jpetrqleum. 

But in considering the relationship to be the eftect 
of the extent of the drainage-arpa, the supposition of 
continuous and extensive reservoir-rocks or sand-beds, 
and an uninterrupted coi^munication and facility for the 
travel of the oil and water throughout them, has tp be 
made. It shpuld be taken into consideratibn, hpwever, 
that tfle above-mentioned conditions aro often ei^llbable 
by the circumstance (see Fig. 19) that the outer^ flp^ures 
in g. folded region are usually of a more* favourable type 
for accumulations and less connected with disturbance 
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th|in in the case of those situated nearer the disturbed 
or mountainous area of the centre of uplift ; while at the 
same time, as the latter is approached, the beds oocurring 
in the sucoessive anticlinal folds become on the whole 
of lower stratigraphicjyi horizon,«and the series concerned 
may not be so favourable or productive — or iliay have 
passed below the petroliferous scries. 
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CHI^PTER VI. 

OIL-RESERVOIR ROCKS, AND THE G^ERAL 

Features of petroliferous strata:^ 

Contents — Preliminary Remarks — Ty]>es of Rooks and Deposits actin:: 
as Oil -Reservoirs — Relation of the actual Oil-Reservoir to the entire 
Porous Red or “ Sand-body ’* and Distribution of the Oil therein — 
Definitions and the Description of Teims\ised in connection with the 
Reservoir, and of the Associated Parts — Arenaceous Rocks or 
Deposits as Oil-Containers — Porosity — Un^stones as Reservoir-roeks 
and Dolomitization — Other Descriptions of Rocks or DefKisits asso- 
ciated with Oil-Accumulations, and the Occurrence of Petroleum on 
Bitumen in Igneous Rocks — Review of the Descriptions of Rcservoir- 
locks, as found in the Different Regions or Fields — The actual 041- 
containing Capacities of Rocks, and the **Theoreti«ar' and the 
“Effective" Porosity — Termination and Limits of Reservoirs — 
General Characteristics of Oil- bearing Series of Strata. 

» 

In the foregoing the conditions of accumulations have 
been reduced from broad generalizations and the ex- 
tended distribution of^ petroleum on the large scale, to 
the structural features associated with tSie deposits, or 
limiting the localiaecummlations. 

j^It qow becomes expedient to centralize the enquiry 
still further, and consider the actual rocks or deposits 
Which afford the reservofts themselves, wherein the oil 
and gas are found. 

The existence of important deposits of petroleum is 
just as much dependent on the presence of rocks and 
strata suita|;)le to retain them as it is on* an adequate 
sourefi and on the structural and other condittons already^ 
described, which are necessary to effect concentration ; * 
aijd thu^ this subject likewise beceftnes an •essential 
matter of consideration. 
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Such reservoirs are furnisheid by strata of variou| 
characters, and the following are amo^ the principal 
types 

(1) Sands and sandstones. 

(2) Argillaceous sandstones aifd sandy shalesT 

(3) Fissured, jointed, or cracked rocks. 

(4) Por(^us limestones, incli^ding dolomitized, cavernous, 

• * -Assured, aijd brecciated limestones. 

(5) Occasionally seconJlary saliferous deposits,* such 
as those of salt and gypsum, with sometimes also 
associated deposits of sulphur — as, e.y., in some 
instances in the Gulf Coastal Field, are connected 
with oil-rese:(jvoirs. 

(6) Sometinjes porous igneous and volcanic rocks (as 
granites and basalts) are found associated with 
bitumen, or may contain petroleum, but such 
cases are seldom of any economic importance. 

As uncommon examples of reservoirs or oil-containing 
rocks, mention may be made of the occurrence of petrol- 
eum in detrital beds composed of fragments of coal, as 
has been noticed in Borneo. 

The majority of oil-reservoirs • are those composed 
of sands or sandstones. Arenaceous reservoirs may 
be consolidated, unconsolidated, or partly consoli- 
dated. * 

In the older formations, as in* the case of the Appalachian 
Fields, they usually .consist of consolidated sands, or 
sandstones. ^ 

In the numerous examples of oil-deposits contained 
in strata of^ Tertiary sEge, unconsolidated sands are 
,usual^ while sometimes coarser materials or gravdls, as, 
for example, in some instances in California, afford 
reservoirs. * 

Seldom^ is it found that the entire porous bed, or 
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sand-body,” is coincident with the actual oil-reservoir, 
which may only partly occupy a portion thereof, or may 
yary in the degree of oil-saturation, while the oil may 
occur in lenses of coarser grade materials and greater 
porofility, ^uch as ^re fogind in the Appalachian Fields, 
and known as “ pay-streaks.” Such dii»tribution of the 
oil in the porous beds is usually in accordance with the 
varying grade and porosity of the materials* the«Ml — 
as previously shown — occurring in those parts of the 
sand-body that have the greater porosit;^ or coarser 
grades of materials. 

• Thus, the use of the following terms has been distin- 
guished or defined. A “ sand-body ” is any stratum 
or bed of sands or sandstone. The ^ reservoir ” is that 
portion of the sand-body, or other suitable porous rock,’* 
which is sufficiently porous to be capable- of containing 
or yielding oil or gas. It may be used to include the 
whole of the suitable porous mass — whether in respect 
of the portions containing water, oil, or gas. , A “ pay " 
is the portion of such a reservoir from which commercial 
oil or gas can be obtained, and may be called ” oil-pay ” 
or gas-pay,” as the case may be, but the term is gener- 
ally used to denote aii ” oil-pay.” It is sometimes used 
to denote any petroliferous horizon or bed, or oil-sands ; 
bu,^, in-order to accord with the derivation of the word, 
it would seem that the term should properly be applied 
to payable deposits; while “ oil-^nds,” “oil-horizon,” 
or “ petroliferous beds or seams ” are terms or phrases 
that may be utilized for._^wider descriptions. The term 
oil-pool ” is properly applied to the whole of a con- 
tinuous oil-reservoir, or that poriion containihg oil.^ 

The roof ” or “ cover ” of a reservoir usually .jieAotes 
the impervious**^r rather, “ less porous ” — bed coyering 
the* sand-bpdy or porous rock ; but the term nfeiy also 
denote the upper bounding surface of reservoir or oil- 
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deposit, when such may not be Ipcated at the lithologicq^I 
dividing-line. A passage in the lithological character 
of the constituents is, of course, more usual ^an an 
abrupt diwsion, so that the actual limiting surface of 
the oil-reservoir is n^t often ii^arked by anj^harS and 
fast lithologica! break, or abruptly terminate by the 
base of an impervious covering rock. Neither can the 
, co^csing (Jr subjacent beds of an oil-reservoir be generally 
or strictly described* a^ ‘'impervious,'" the oik being 
usually situated in the latter on account of greater 
porosity and selective segregation, while the surrounding 
shales are generally more or less water- wet. 

In like manner, the features just described would 
apply to the lower limiting surface, or base, of the 
reservoir. 

Sandstones are, of course, variable in the proportion 
of argillaceous material which they contain, merging 
into sandy shales, although the amount of contained 
argillaceous matter would tend to rtduce the porosity 
accordingly. Sometimes, however, rocks which are 
virtually sandy shales are found to be oil-bearing or to 
Tiold a considerable amount of oi}. 

Likewise, the degree and quality of the cementation 
will tend to influence the porosity oi a sand-rock, and 
thus the porosity and the amount of oil contained qiay 
vary according to the amount of such cementing material, 
in the same stratum. ^Consequently, oil-bearing sand-beds 
are often found to wary considerably in their porosity 
and oil-bearing quality — oft§n in the same area, or 
witjiin comparatively short distances, on account of 
this condition of cementation, and a gqpd oil-bearing 
sandst<}ne« may Ipcally become so strongly cemented as 
to Vecopae in this manner almost or entif ely barren. • 

To sUch a condition may often be ascribed the irregular 
and capricious fesults experienoed in some fields, not 
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infrequently from borings in proximity,- where other 
conditions are equal. 

• Porosity. — ^The greatest porosity in sandstones is, of 
coursg, related to the presence of a spheroidal nature 
of the grains, as also to icomparative uniformity in size, 
while the relative absence, or paucity* of cementing 
material, or of argillaceous^ matter — clogging the pores, 
will als'A tend to higher porosity. 

Graihs of many sizes and irfegdlar in shape tend to 
form a more compact rock, the smaller grains filling 
the interstices between the larger . 



Fig. 1>2. Fig. 23. 


** Diagrammatic Arrangementn of Spheroidal Grains and Maximum 
and .^flnimum Porosities. 

Furthermore, the arrangement of the grains, when of 
a sphergidal structure, will affect the amount of porosity. 
Thus, the arrangements of the spheres as in Figs. 22 
and 23* will give maximum and rpinimum porosities, in 
the case of spherical grains, with Jvhich void-capacities 
of from about 45 to 25 pe^; cent. are»respectively obtain- 
able — according to their groupings. 

It is not likely, however, that the grains will ever 
become naturally arranged, or remaiq, as in ^^ig? 22, 
nor \ire they generally to be found so closely pjjcked as 
in Fig. 23-T-unless subjected to very great pressure. A 
somewhat more open packing, than in the latter, arrange- 
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mi^nt is usually the case. Thus, « under the most favouB* 
able conditions, a sand or sandstone may furnish a 
void-capacity of from 20 to 30 per cent., although 
porosities of as much as 30 to 35 per cent, have been 
reported to have be^n found-«-as irf the caje of some 
water-sands. * *■ 

In some of the richest oilfields, and reservoirs,. in the 
as, e.^., in Russia and the Baku region, a saturation 
of about 25 per cent. In the oil-sands probably oc(hirs. 

It has beeh declared that the porosity of sands is liable 
to become increased where they are submitted to pressure, 
on account of disturbance of the original natural packing 
— although the opposite would seem more generally to 
be the case. 

Sands — ^generally, of course, deposited from water — 
%annot be said to have been originally and naturally 
deposited • or packed with the minimum amount of 
interstitial volume of the voids. 

Taking, for example, the instance of spherical grains — 
which afford maximum porosity, such^may be arranged 
as in Fig. 22, giving maximum porosity, or as in Fig. 23,- 
Igiving minimum interstitial spa^e. While it is unlikely 
that the grains should ever become naturally arranged 
as in Fig. 22, it is likewise improbable that they would 
fall into place with the closest possible degree of packing, 
as in Fig. 23, especially when the grains are of various 
sizes, and irrregular .in shape, and an intermediate, 
or somewhat open, •arrangement in packing would be 
most generally the ease. But ^he introduction of greater 
pressure would tend ^o force the grains into a position 
such that shown in Fig. 23. Such, a condition 
is otte](^ noticeal]le in instances where locally greater 
prei^ur^has been exerted — as in the viciftity of fault?. 

Another kind of porosity, however, may come into play 
by mea]}s of pi^ssure or folding — ^that which has been 
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named induced porosity,” * to \frhich allusion has 
already been made in a previous section, on account 
0/ the ^formation of Joints, fissures, cracks, cavities, 
etc., as before described. 

Such induced porosity ^may, of course, be expected to 
be associated principally with consolidated rocks ; al- 
though cavities, cracks, etc., may also occur in uncon- 
solidatfed sands, while, wheli under the greaiJ pressure 
due to ^he weight of the superincumbeiil masses, or that 
connected with tectonic movements and folding, the 
unconsolidated deposits may behave almost in the manner 
of consolidated rocks. 

Such fissures and cracks or jointing sometimes also 
give rise to the provision of res^rvoiri in impervious or 
insufficiently porous rocks ; thus, fissured ’ or fractured 
and jointed shales are in some localities found to contain, 
and yield oil, as in the well-known instance of th? Florence 
Field in Colorado, as also in Alaska and Mexico, while 
some cases of this description of reservoirs are found in 
the Appalachian Fields. Similarly limestones may in thia 
manner become fractured or jointed, and thus become 
capable of holding petroleum and furnishing reservoirs,'* 
as has occurred in some parts of Mexico,* whore sedi- 
mentary rocks hav^ often become shattered by the igneous 
intrusions, which sometimes themselves have become so 
shatdereci and cracked as to constitute a porous rock, 
and have the capacity of cohtaining petroleum. 

Limestones as Reservoir-Rocks.'VExcept when aren- 
aceous to any considerable extent, ^r partaking of the 
nature of marls — ^into which limestones may, of cours€‘^ 
merge, limestone proper has usuWly too low^^an average 
porosity to be* suitable to act as a reservoir ojr to allow 
• of yielding oil, pjthough limestones are“ sometimes n^ie 
, or less impregnated with petroleum. When, hWever, 
* Lauer, A. W., Eton. QeoL, vol. xii.. No 5, p. 486 (Aug. 1917). 
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there is an acquired porosity, by means of Assuring, 
jointing, water-channelling, or 'that brought about by 
the process of dolomitization, limestones may ^furnish 
important,^ and sometimes prolific, reservoirs. Dolo- 
mitized limestone, as affording suitable conditions for 
containing oil, lias already been mentioned, itifi rock on 
dolomitization contracting in volume, thus occupying 
lesjuSpaco and in this manner becoming porous vesi- 
cular. 

In this process of dolomitization — which seems to 
occur principally in the limestones of the purer variety — 
the calcium carbonate of the limestone becomes altered 
to a double carbonate of calcium and magnesium, the 
accompanying coilfiraction of the rock resulting in the 
formation of interstices and cavities and numerous 
interspaces between the crystals of dolomite, whereby 
exceedingly great porosities are sometimes created. In 
the United States the dolomitized Trenton Limestone 
-affords notable examples of this l^ind of oil-bearing 
reservoir-rock, while in Southern Texas dolomitized 
limestone-reservoirs, of extraordinary capacity and 
^pore-space, are found in some of the oil-pools and saline 
domes, as, for instance, in th^*noted pool of Spindle 
Top, where cavities as larg^ as an^ inch in diameter, 
and probably sometimes larger, are contained in a 
dolomitic reservoir-rock, which has been estimated fd be 
capable of holding as muclp as a third of its volume in 
oil. Furthermore, reservoirs of very great capacity are 
also found in fractured and water-channelled limestones, 
as, for example, in Mexico^-the Tamasopa and San 
Feflpe Limestones, etc.* In some cases fragmental or 
detistal limestones serve as oil-bearing *rocks-^-as, for 
instan(fe, in Western Persia, etc. 

finally, among typical examples of limestones com- 
prising the reservoir-rock, may be noted those in Iforth 
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America — ^viz., in the Appalachian and Lima-Indiana 
fields, as also* the dol6mitic occurrences in the GAlf 
Coast fields ; and, further, those in Canada — c.gr., the 
cases of the Corniferous and Niagara Limestones, etc., 
whiles other such instances are found in Mexico, 
Persia, Egypt, Alsace, etc. 

In regard to other kinds of rocks, of a different char- 
acter, ’found in connection with oil-accumulations, 
referenpe may be made to the pcc\irreiiV3es in association 
with secondary water-deposited saliferous beds of salt, 
gypsum, and also of sulphur, in the saline-dome pools 
of the Gulf Coast fields. 

With reference to igneous rocks and the occurrence 
of petroleum, their porosity is generally so very low, as 
to be insufficient to hold any appreciable ‘ quantities of, 
oil, or furnish any reservoirs — except when such rocks 
have been shattered, in which condition, ,as above 
mentioned, petroleum is sometimes found in them, 
while in the case ojE vesicular volcanic rocks which might 
be capable of containing some oil in the interspaces, the 
vesicles are not dsually in communication. It will thus 
be "Seen that the likelihood of finding conditions suitable 
ior oil-accumulation, ci^of the occurrence of any appreci- 
able deposits of petroleum^ in igneous rooks, is very slight, 
even when conditions may be favourable. 

SiJiafl amounts of petroleum, however, are sometimes 
found in granites and basahs, etc., as in Quebec, Oregon, 
and Mexico, etc., as also in the Tertiary eruptive rocks 
of' the Queen Charlotte Islands, B.C. In the last-men- 
tioned locality bitumen i3 found in vesicles and in the 
interior of amygdales in the Tertiary basaKs at seV^eral 
places, • among others at Lawn Hill on the easterh 9oast 
of (jraham Islav^d, and on the eastern*’coast of Moresby 
Island ; also on the western coast of^' GrahaifS Island 
in the neighbourhood of Tian Point. }n this case the 
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are sometimes lound in /Trinidad — in the earlier petrcfli- 
ferous strata. Limestones and dolomites as the oil- 
OOiitainftig rocks more ‘usually occur in the older forma- 
tions, |is in the Paleozoic of North America, tAough such 
are also found in Secondl^ry and 'tertiary formations in 
Mexico, Alsace,, the Gulf Coast Field, Persia, Egypt, 
etc. While in some cases,. hitherto described — c.gf., in 
Colorado and Alaska — fissured, jjointed, or cracked shales 
act as dil-reservoirs. 

In respect of the oil-containing capacities of rocks, 
the difference between the actual or theoretical i)orosity 
and the effective porosity should be distinguished. As 
all the pores in a rock may not conihiuriicate, and in 
some rocks such a condition may cxscur in a greater 
degree than in others, some rocks may afford only a^ 
relatively low yielding capacity when the actual porosity 
may be high. Thus, in the case of rocks having large 
vesicles not in communication with one another — as 
in some types of volcanic rocks — such may 'contain a 
very high theoretical porosity, while the yielding capacity 
may not be of any account. , 

Moreover, considerat^n must also be ^ken of the 
amount of oil recoverable from an oil-bearing rock, for, 
except in the case* of almost complete displacement by 
wat^i;, any approximation to complete extraction of the 
oil cannot be realized, a considerable amount of petroleum 
remaining in, or adhering to, the reck. Furthermore, in 
cases where the pores in a rock are very small, the oil 
which may be retained in sach is not* readily withdrawn 
— on account of frictional resistance, adhesion, ahd 
capillarity. • ^ ^ 

Hence, on account of these circumsliances, terfts for 
the determination of porosities made on rock-so^pfes 
‘ may *give somewhat excessive results, or an incorrect 
idea as tp the effective porosity and yielding <japacity 

.10 
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of’the rock, since a number of non-communicating porc& 
would become opened on the surface of the rock-sample, 
while also the presence of pores'^ which might *be to6 
small for the withdrawal or recovery pf the liquid jvould 
add to the aijiount * absorbed^ and contribute to the 
theoretical porosity. 

The Termination and Limits of Reservoirs. — The'verticai 

i u 

limits of an pil-reservoir have already been described, the 
porous reservoir-stratum being usually surmounted and 
underlain by an impervious or, more correctly speaking, 
less porous rock or deposit, between which there may 
not be any hard-<’and fast-line or definite division, but 
.sometimes a gradual transition may occur, the one 
^^rading into the other. While, in the case of varying 
porosity in a reservoir-rock — arenaceous or of limestone, 
the limits of the oil-pool may lie within the body of the 
rook or bed— and not be bounded by its limits. In like 
manner, differential cementation may limit a reservoir, 
or divide it into separate “ pays."’ Moreover, the presence 
,of water may, of course, terminate the actual oil-con- 
taining porticn of the reservoir. ^ 

As regards the lateral termination of an oil-reservoir, 
this may take place in several ways,* and may occur by 
(1) thinning-out or lenticularity cf the bed, (2) rar^tion 
or decrease in the porosity of a rock, (3) faults, (4) differ- 
ential cementation, «(5) asphaltic or paraifinaceous in- 
spissation and seafing, or (6) the intervention of an 
igneous intrusion as also, ♦ jf course, by the position 
of 'the watqr in the reservoir. 

The first two of the above-mentioned conditions 

I* 

appertain, of course, to lateral variation. An arenaceous 
stfatiyn may .merge into argillaceous" or less p8rous, 
material, gradually thin out, or the sand-beds may be 
lenticular ; while, in some instances, as sometimes found 
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%mong the petroliferone^strata m the Zeohstein (Permian) 
Series of Central Russia, a very abrupt change from an 
Arenaceous bed to an impervious marl or other rook 
may .occur. An »Dil-reservoir, moreover, may also be 
bounded, by variations ^n texturft and cporosity within 





Fig 24 — Irregular Shape^n Sand bodies and Reservoirs 

the sam^-body, as in the case of lenses of greater pdlk*qpity, 
which have already been described elsewhere. 

In the case of lenticular structure in sand-begliS, Ibhe 
lattdr are more frequently not of a well-defined approxi- 
mately lenticular form, on in r^ular le{ts-shapeB 
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(as^'in text-book diagrams), and sometimes the sand-« 
bodies may not tax>er off regularly at each end, but 
even assume fantastic shapes, bifui^Date, or split ftp into 
several armS (see Fig. 24). ^ 

As regards thp termination of U reservoir by a fault (3), 
the effect of faults in bringing into juxtaposition porous 
petroliferoiis beds and impervious or less pervious, rocks, 
'and'The consequent formation of accumulations ^on the 
down-dip si^e, has alrea&y been noticed in a previous 
chapter ; in this manner faults form the termination of 
the reservoir on one side, which is the up-dip side of it. 
Although it is usually on the up-dip side of a reservoir' 
that faults afford d;he termination, it can also become 
Jberminated by a dislocation on the down-dip side — in 
cases where a bed which already contained oil may have 
Become interrupted by a subsequent fault. In this 
way, sometimes, each side of a reservoir may be ter- 
minated by faults, as also in the case of horizontal, or 
nearly hotizontal, oil-bearing stralfa intersected by 
faults. This condition, of faulting terminating a reservoir 
pn both sides, not infrequently occurs in cases where the 
oil-bearing formation has been »^uch faulted — as, e,g., 
in the island of Tcheleken, where the petroliferous beds 
are frequently thereby interrupted and! displaced. 

Variations in the degree of cementation, and co»se- 
quently in the porosity an(J petroliferous condition of 
arenaceous deposits have been above described. In this 
manner a reservoir may be terminated by portions of the 
sand-body becoming cementel to such a degree that 
the^e is ins^ifficient void-capacity, or the interstices of 
the roek may be completely filled. Such is more usually 
caused*»by calcaiwous cement, but may also be Brouglit 
abdut siliceoigLS cementing, or by the shnd or sandstone 
passing into a very ferruginous rock. 

As previously described* in connection with l^e origin 
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of accumulations, in the case of outcropping ^nd 
denuded petroliferous* strata, accumulations or oil- 
jreserv^irs may beconje sealed up by the inspissation of 
the oil and the deposition of residues. Qil-reservoirs 
may 'in this manner be^ retained by the inspissation of 
either asphaltic or paraffinaceous* oils, and respectively 
accompanied by the deposition of either asphalt or ozo- 
kerite^ ^as also the waxy residual material which is the 
remaining product of some oils ef a» paraffin base, and may 
clog the pores — as is found in some cases in the Appala- 
chian Fields, e.g.^ in Pennsylvania, also in the San Juan 
• Field (Utah), and elsewhere. Such parafiinaceous de- 
posits or sealed outcrops in connection with paraffinaceous 
oils are not so noticeable or conspicuous as those pro- 
duced by asphaltic oils, or asphalt-sealed outcrops (i» 
which case the deposits of asphalt may be largo and 
conspicuous, such as often mark outcropping petroliferous 
beds, and are sometimes of very great size, as in the 
instances of the * pitch-lakes in Venezuela and Trini- 
dad). Deposits of ozokerite, moreover, which are in 
a similar manner due to inspissation, indicating a 
residual product of petroleum of a paraffin base, occuv 
in many regions whor^ such oils are fouriH — notably in 
the Carpathians, Tchelek^n, etc. 

Intrusives may intercept and thus bound oil-bearing 
beSfe, acting in a similar manner to faults ; although 
sometimes the rock maJy have become shattered, 
cracked, or jointed, and consequently allow the egress 
oi the petroleum through the igpeous rock itself to 
the surface, while such may also sometimes take place, 
at their junction with the sedifhentary rocl^ when there 
is any* opening to the surface between the, dylccb and 
theipenetrated strata. Thus, the outcrops of intrusives 
and dykes, passing through petrblifefous stAta, are 
often marked by lines of seepages along their course. 
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The General Characteristics of Oil-bearing Strata. — 

Oil-bearing series of strata most commonly (especially* 
in the Tertiaries) consist of series shales or cla^s with 
intercalated beds of sands or sandstones, the former or 
more impervious rocks predominating. For, as pre- 
viously observed, sucK comparatively thin porpus beds 
amongst a predominance of impervious beds would be 
more likely to have a strong •saturation than in tjp^ case 
^of thick or massive s^^nd^s, sandstones, or other porous 
beds, wherein the oil would be liable to dissipation — 
although in some exceptional cases comparatively thick 
beds are found to be, highly saturated throughout. In , 
some cases, however, where accumulations occur at places 
of variation in thft texture of rocks, as by selective 
segregation and capillarity, thick or more massive and 
]]ersistent strata may contain the deposits, the reservoirs 
being conQned to certain portions, which have the re- 
quisite porosity, as in the case of lenticles of greater 
porosity, or pay streaks,^" containec^ in massive aren- 
aceous strala ; as also in the case of accumulations in 
limestones, where the reservoirs occur irf the more porous 
parts — ^resulting from dolomitization or otherwise. 

The alternating series of argilh:ceous and arenaceous 
strata are, however, the more qommonly associated with 
oil-deposits, while particularly typical of the Tertiary 
deposits. Such series of deposits might not ina‘|)tly*be 
termed “ oil measures.” 

Not infrequently spbh series may be also coal-bearing, 
and seams of coal or lignite are interstratified with the 
petroliferous beds, as in sev^'al Tertiary examples — a 
noteworthy «ind perhaps the most pronounced instance 
of wtdtfh is found in Eastern Borneo. 

Such** petrolifert)us series may extenjl over a gjreat 
verfccaVtange, which'may sometimes amount to 3,000 feet, 
or even more, inp^ctual thickness. Sometimes Ml the Beds 
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Appalachian Fields, as also in those of the Mid-Continent, 
etc., the strata associated with cftl-deposits are extensive 
and persistent. 

The vertical range of a productive series may be 
terminated by the strata containing water, or gradually 
by the increases, in thb amount* of water present in the 
petroliferous beds ; or the oil-bearing series of beds 
may come to an end by a* change in the litly::^ogical 
character of the •^strata, ,.or to another formatiop. An 
unconformahility, moreover, may abruptly terminate the 
vertical series by bringing in another and non-petro- 
liferous formation. 
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CHAPTER ’Syi. 

DIRECT INDICATIQNS OF PETROLE;pM. 

CfiNTEifts — (1) General Observations — Genctal Description of Indications 
— Oil -Exudations or Seepages — Emanations of Gas •—Mud -Volcanoes, 
and New Upheavals and Islands — (2) Solid Hydrocarbons and 
Bitumens — General Description — Primary Grouping and Broad dassi- 
fication — Impregnations and the Puv?r Forms — Occurrences of 
Superficial and of Subterranean Origin — Ambiguity and Contusion 
in the Use of the Terms “Bitumen," “^spbalt," and others, and 
the General Nomenclature — Differentiation Ijctween the Bitumens 
and Coals, and the Graduation to the Pyrobitumei^ — Various DeHni- 
tions of the Term “ Bitumen," etc., and the General ( ’lussiiicatioif 
of the Series — Description of the Native Tyjies of Solid Bitumens-y- 
General Properties and Mode of Occurrence — The Names that have 
been given to the several Varieties and their ( 'las-ificatlon— “ Asphab 
tites," “ Asphaltic Pyrobitumens " and “ Kerites " — “ Manjak “ — 
“ Uintaite " or “ Gilsonite " — “ Tabbyite " — “Piauzite " — 
“ Grahamite " — “ filaterite " “ Cooremgite "— “ Wurt'dlite " — “ Alber- 
tite " — “ Nigrite " — “ Impsonitc " — “ Ozokerite," and the Naif ivc 
Paraffinaccous tfr Wax-like Hydro»*arlK>ns — “ Positive " and “ Im- 
positive,” “ Direct " and “ Indirect ” Indications, 

• ij 

{!) Attention is, iiymosi cases, first “Attracted to a 
petroliferous region or prospective oilfield by the exist- 
ence and discovery of some sort of direct surface-indi- 
ca^ionl of petroleum. These may be exudations or 
seepages of oil, outcrops ci petroliferous strata, deposits 
of the more solidified products oi^folid residues, such as 
asphalt, ozokerite, or other solid bitumens, emanations 
of gas, and also mud-volffanoes. Although in some cases 
the discovery of oilfields has resulted from “ wild-cat'* 
drilling, or sometimes accidentally when borihg was 
beipg carried opt for another purpose-^as in tho’^nstance 
of the original discovery of oil in America, ifien* salt 
was being sought in Pennsylvania. , While in other 
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cases geological investigation has first indicated the 
existence of petroliferous conditions in areas where* 
direct surface-indications are not evident, either by 
means of continuation from, or analogy with, regions 
which are known to be petroliferous #r wherein oil has 
already been obtained*. In moh great fields, however, 
the discovery-wells were sunk amidst surface shows, 
which gavD rise to their location, and in many* cases 
*such areas, where*the seepages are well marked a]pd the 
original wella sunk, have later proved to be the most 
prolific. 

In the older formations containing petroleum such 
direct surface-indications are not generally so marked 
or so abundant as fli the case of those which are of later 
fige, and they are often particularly apparent and abundant 
ip petroliferous areas of Tertiary age. As has been 
seen, large pr important deposits of petroleum are seldom 
found in the older formations, unless these be compara- 
tively little disturbed. Such superficjial indications as 
seepages, exudations, emanations, etc., are, of course, 
the expression of the dissipation and the gradual waste 
cf the oil and gas, and the older the formation is, the 
longer has beCn the time during Vwhich such a process 
of gradual leakage has continiY^d, tending to result in 
the exhaustion of the reservoirs and the dissipation of 
their contents. Thus, where oil-accitmulations ar5 foiAid 
in strata of earlier age, or «under conditions of little 
disturbance, as in tl\e‘ case of the Appalachian Fields, 
a comparative paucity of surface-indications is often 
characteristic, or they are not tisually very pronounced. 
Moreover, petroliferous areas where abundant and copious 
exud^tfons^ and “ surface-shows ’’ occur are moise fre- 
quently •unfavourable for commercial refiults, and spch 
is often#.*the case evt)n where the geological formation 
is comparatively young. 
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It is, however, by the presence and discovery of direct 
indications that' attentfbn is usually first attracted *to 
jpetroliferous areas or formations, and that, in conjunction 
with t£e geological conditions, accumulations of oil or 
gas are revealed. tThus, the detection, recognition, and 
significartf3e of indication? of petrol^m ar^ of importance, 
as also their distinction from pseudo-indications. 

Dir^^ indications of petpoleum — which may be solid, 
semi-s^lid or viscous, liquid oj gjiseotls — may in short ' 
be grouped as follows : — Exudations, or seepages, of 
liquid petroleum, including those due to the outcropping 
jof a petroliferous bed, and seepj^ges from below — as 
through joints, cracks, fissures, or fault-planes; exuda- 
tions of viscous inspissated petroleunff as “mineral-tar,'^ 
“piss-asphalt,'" etc. ; deposits of solid residues, such as^ 
asphalt, ozokerite, etc., which may occur either at th^ 
outcrop of a petroliferous bed, or infilling fissures, 
fault-planes, etc. While there are also the various 
types of solid l^ydrocarbons, or high-grade native 
bitumens, which are found (e.gr., those known “as manjak, 
uintaite, grahanlite, wurtzilite, albertite, etc.), and 
usikally occur in veins and as the infillings of fissures,, 
cracks, or fault-planes. ^Lastly, emanations df inflammable 
gas (composed of hydrocarbons) and mud-volcanoes, 
which may also be accompanied by exudations of oil. 

Ib addition, substances other than petroleum or those 
containing - hydrocarbons may often be regarded as 
possible or probable indicators — ift virtue of their fre- 
quent association with petroleum (as described in Chapter 
II.) ; among these are gypsum or selenite, and common 
salt and saline water or brine, «is also other associated 
salts. Sometimes, under certain conditions, the pfteqpnce 
of sj^lphur and sulphurous gases or w&ters may* be re- 
garded as an indication of the probable occun^rice of 
petroleum. * 
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fW-ftm^tikNU wt SMpi||a««-~Xbrad»tii>^ atefngM, or 
may, of coorse, Ibe due oitiMr to ^ dotoal 
otttoropi^Dg of on oil-bearii^ bed or to tibe seeping-op 
of the oil (through fissures, creeks, fault>^hdies, or other 
channds) j^m below ; in the lattw oase, thc^ Me m<ae 
often accompanied by some gas, while in the fissures 
sometimes the solidified, or more nearly solid, reeidpes 
resulting from inspissation may be found. 

They perhaps more fsequently belong to the latter 
type— especially in the case of occurrences along or near 
the axial region of the anticlinal folds. It has been 
suggested, by Dr. GL Bonarelli, to classify seepages as 
** normal,” ” longitudinal,” and “ lateral,” according as 
to whethM they lire respectively seeps from below (or 
toWhat might be called migratory exudations), petroliferous 
.outcrops (exposed by the erosion of the beds) with 
incidence jn the axial r^ion, or petroliferous outcrops 
with incidence on the flanks of the anticlines. 

The oil generally found in suiiface-exudations is 
naturally of an inspissated character, and devoid of the 
lighter portions. In some instances, however, occur* 
irences of remarkably light oil are found at the surface, 
and the character of the oil in exudations varies from 
thick tarry or pitchy inspissated material to these light 
oils. Among examples of the latter may be mentioned 
those found at Lizard Springs in the south^a^t^ of 
Trinidad, as also that at Kala Deribid in Persia In 
the fwmer instance ..a copious seepage of a remarkably 
light crude oil, of jbh pale brown-green ccfiour, yleldfing 
about SO ‘per cent, of kerosen^, together with some more 
highly volaitile constituents, is found, and the crude 
oil aafi be^burnt in a lamp without treatment. Somewhat 
«ii^ar'' oil, occurring as a seepage in tv test-pit, vhioh 
co^d be used In the crude state in a lamp, W4s found 
by the writer in North-Western Borneo (as* mentioned 
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io. Chapter U.>; Kkne iraqueojlSy se^^es to-ct thioh 
and vifloons oil, which is ctften black and taivlike. 

* In sdknc cases, wheite the outcrop is covared with soil, 
a petroliferoas or ^asjdialtio condition, ot odour, of the 
soil is all that is discernible; Ipit sometimes, where 
there is much vegetation, the leaves lying on the ground, 
or soc^e of the roots and hi'anohes, may ha'^e become 
blackedCd, so that the ocourrence is readily noticeable — 
such a& are sometimes known hs * black spots," to the 
appearance of which the presence of black pitch or tarry 
residual matter in the soil also contributes. Sometimes 
Ithe occurrenoe of slightiy petroliferous or asphidtic 
sandstones is all that indicates the pretence of oil-bearing 
strata, although when such an outcrop of, petroliferous 
sandstone or sandy shale occurs in streams, or is covered 
with water, a streak of oil is generally to be seen issuing* 
from it. In some localities patches or deposits 6 f asphalt, 
or pitch, constitute the only indication to be found of 
the existence* of -* subterranean sources of -•petroleum, 
although usually.in such cases some exudations oi more 
liq^ petr(deum are revealed in excavations. 

Seepages or petrolif^ous outcrops can, often be dis-' 
covered and traced in streams by observing and following 
up the occurrencef of a fihn of oil on the water. Some- 
times the smell of the oil from a seepage is sufficiently 
strong or noticeable to attract the prospector from a 
distance. 

-In prospecting and the search for oil 6 dong streams or 
on pools, it is, of course,, desirable not to be misled by 
the ocourrence of the iridescent, films due to iron omde, 
as also by the pteseace cd vegetable oils or olefvginous 
mtdW of vegetable oiiigin — such as ^ps, 1*681118,’ etc. 
But’itii^fmeept dnd itKia>petiroliferouo scums, suc];i a»*are 
coninM^i^il^nd oH the surface of pools, etc., usually 
break tvn being stiriod — ^behaving 
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unlike the films composed of liquid petroleum. Exuda* 
tions or streaks of ferruginous material and water are 
very common along the banks of rivers at low water, and 
such occurifences have often been mist|ken for indications 
of oil, and have led to long, difficult, or costly journeys 
— in order to investigate the reported occurrences of 
petroleun\ 

Sometimes large and extensive asphaltic deposits, or 
pitch-lakes^"' are found, these having generally resulted 
from the inspissation and residuum of petroleum — al- 
though accumulations of this nature are not invariably 
connected with liquid petroleum. Among such occur-' 
rences, a notable linstance is that of the well-known 
pitch-lake at La Brea in Trinidad, which attained 
‘notoriety and commercial importance before it was 
Trecognized as an indication of petroleum, or before the 
oil was co*mmercially produced or exploited, and it was 
by drilling in the vicinity that the oil was discovered. 
Other smaller but considerable depfisits occur in the 
island, while pitch-lakes of greater size-are found on the 
mainland in Venezuela — e.g,, that of Bermudez. That 
of La Brea, ^Trinidad, has beei\ estimated to contain 
as much as 10 million tons of the asphaltic emulsified 
material.* 

Deposits of asphaltic or bituminous material, Iww^rer, 
cannot be considered as invariably an indication of 
I^etroleum or of the presence of liquid oil. 

An instance of enofmous and widespread interstratified 
deposits of asphaltic or bitum#.nous material is afforded 
by • the famous MacAlprray bituminous, or so-called 
Tar Y sands, which extend for over one thousand square 
mileS i® North-Western Canada. But, although perhaps 
the* gre^btest in^cation of petroleum in the world, it 
does not seem to constitute an indication of the existence 

c 

♦ Beeby Thompson, A., Trans, In t, M, and M,, vol. xx., p. 247, 1911. 
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commercially valuable or liquid oil ; at least, so Jar, 
such would not seem to be obtainable — either in com- 
Inerciai quality or quantity — in that formation, although 
a viscous tarry n^terial is found in these beitU at depth, 
while from a well in the distrioJb of Fort Mackay, a 
somewhat more liquid petroleum was obtained — 
although also in a condition unsuitable for re%dy extrac- 
tion o? production. The bituminous deposits of the^ 
“ Tar ’Sands '' are, however, ^exploitable and yield oils 
of commercial value, by means of the distiflation of the 
solid material. 

Emanations of Gas and Mud-Volcanoes. — Generally 
a manifestation of the presence of o^-deposits or ])etro- 
liferous strata is shown in the occurrence of some 
evolution or shows of inflammable gas — either accom-' 
panied or unaccompanied by any traces of oil. 

kSitch escapes of gas are, of course, only conspicuous 
or readily noticeable — unless very strong, w^hen passing 
through any wateV, or oil, on the surface of 'the ground, 
or when they occur in rivers, streams or pools of water, 
or^ as not infrequently happens, beneath the sea. Such 
emanations from dry, ground can somettpies, however, 
be detected by igniting the gas ; thus, in Barbados, such 
inconspicuous emhnatioiTSi in the petroliferous formation 
ari^ frequent, the presence of which ignition only may 
bring to notice. In the case, however, of the so-called 
bubbling spring,"" near Turner's Hall, in the same island, 
there is an ebullition of water dufe to the evolved gas, 
unless the spring is dry % (although* in this instance the 
evolution of gas appears to l^ve subsided since tx)me 
borings were sunk in the vicinity). ^ 

Reservoirs or accumulations of natural 'gast &lone, 
without or independent of any oil,. do, ^of cour^, OvX5ur, 
and may be attended with some escapes, or give rise to 
gas-shows—- as also in the ^,ase of gas connected with 
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the presence of coal, although tjie structural conditionst 
favourable for much accumulation of natural gas, or the 
occurrence of gas-fields, are genwrally those of little 
disturbance, so that such natural ei^capes are not so 
very common. Othegrwise, thft stores of natural gas 
might have long since become depleted. 

Natural gas principally consists of methane — ^s also 
coal-gas ; althoug}i the gases connected with peltroleum 
are generally largely composed of this hydrocarboii. 

Moreover, ‘ the evolution of inflammable gas — which 
is alho methane— resulting from the decay of superficial 
or recent organic matter, i.e., “ marsh gas,’' is, of 
course, a common^ occurrence, especially in regions of 
much vegetation and tropical countries, and is not 
'‘infrequently confounded with the gaseous indication of 
petroleum. But usually the environment, and the 
presence bf the rotten material, the fermentation of 
which produces the gas, as also the superficial origin, 
afford sufficient clue for the identification of marsh 
gas. Thus, in the case of marsh gas, when the ground 
is subjected to i)ressure or trodden on, or the bottom of 
the water, pQpl, or mire is stirred with a stick, an 
increase in the evolution of the gas generally takes 
place. 

Marsh gas, or methane, burns with a very.faiutly 
luminous and blue flame, as also natural gas, when 
this is for the most pa^t composed of methane ; but the 
flames of the gases connected with oil-deposits generally 
have a more yelloM colour, while natural gases alone 
sometimes burn with a^ distinct yellow colour — as in 
the cas;e of the gas found at Heathfield (Sussex). 

Sa^nples'of gas„.when evolving through water, may be 
easiJy collected ^by ^means of water-dis^acenumt In a 
bottle, hnd a chemical and physical examinajbion of •the 
gas may^disclosd th<' naturg of it, or the likelihood of it 
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being that connected with petroleum. The natme 
of gas from a show may sometimes be recognized 
J)y its. odour, which ^may be sufficiently characteristic 
of the gas pertaining to petroleum, although this is 
sometimes masked by the intermixture of sulphuretted 
gases ; but the latter are not iilfrequently present in 
connection with petroleum, especially when the oil 
contains sulphur compounds. The gas of pt?troliferous 
origin Js generally of a heavies type, dv more or less of 
the nature of “ wet gas,"' or it may contain minute 
liquid particles of oil, and if any condensation is observed 
to take place, or globules of oil arp found in association 
with the gas, this would be indicative of a connection 
with petroleum. 

The submission of the gas to pressui'c may show 
some result, or, as suggested by Messrs. Johnson & 
Huntley,* in the case of well-head gas, a »*ough test 
might be made by passing the gas through iced water, so 
as to note whethe^j any condensation takes place or film 
of oil appears. 

Other gases, that may be observed as emanations from 
the ground are sulphuretted hydrogen, sulphur dioxide^ 
carbon dioxide, and iiometimcs hydrochloric acid, as 
also ordinary air.^ Such^emanationLi can, of course, be 
distinguished from ^hose of petroleum gases and natural 
or ifiarsh gases by their non-infiammability. The occur- 
rence of the first-named gases can most frequently be 
assigned to volcanic action — wherT^the presence of such 
is to be suspected. 

The sulphuretted gases Sre not infrequently found with 
petroleum-deposits, and they may result from the de- 
composition of sulphur compounds in the oil, ' qr of 
gypaum and other sulphur compounds^ which arfe often 
associated with petroleum. Indeed, jhe presqnce^ of 
'* PriDciples of Oil and Gas Production," p. 85, 1916. 

/II 
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the^ gases has sometimes ersil lieeas regarded or 
eluded as an indication oi petr^um, althmigdt they are 
of vide and general oocarrenee, resnlthlg froip the^ 
deoompositiun of sulphur componiub-^oth organic and' 
inorganic ; while the eyolutios ci sitoh gases on the 
grand scale constituted, of couim, a common and usual 
phenomenon in connection with volcanio or sdfataric 
conditions.' 

Httd-Voleanoes.— In many petroliferous regions, ^speci- 
ally where cenditions of steep folding and disturbance 
preTail, mud-volcanoes are found, and afford one of the 
indications of petroleum. 

These are eruptions of gas, fine argillaceous material 
or mud, with water, 'often attended with solid ejectamenta 
<&om the subjacent strata, sometimes accompanied by 
some petroleum, but occasionally without any appearance 
of the latter, while in some cases asphalt may be present 
in connection with them ; gaseous hydrocarbons, with 
water, affording the active agent. In ;^me occurrences, 
however, gas is not noticeably present — so that Uiey 
are in fact just “mud-springs.” The 'erupted matter 
cr mud very commonly consists of a very fine, pale- 
grey, argillaceous material, with water — often a ffne 
emulsion of oil, water, and this 

They often simulate remarkably, on a miniature 
scale, real volcanic phenomena, both in the ty'pe 'ibd 
form of the cones which are built up, and in the manner 
of their eruptivity ;/ and like the devations arising 
from true volcanic , action — ^which differ in form afid 
concur according to the chliracter and viscosity or 
fiuidity of the lavas composing them, as also when built 
of solid ejpotamenta, the shape of the cone in mud- 
volcanoM will vary aceording to the consistency cd^the 
ejectediiuaterial: Wfami the material stiff, 'flnioua, 
at mueh sdid mtesial (snoh as ejeotawenfis oi 
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iragmentB) is |it66eQi^ resoltiiig devfttkm «iU» be 
sad oonksl; bvt, wbentbe mud k in a moce liquid 
•e(^iiditioil, <Mr aoeon^^^pnied by much water, the aocumu- 
laiaon formed wffl %e depressed, flat, or nrideBpread ; 
or there may be just a/itream o^ mud issamg from the 
vent, or a pod. of muddy water with discharges of gas. 
In some cqees, there*is merely a patch of dried mud, 
sometknes of large extent* which m^y be slrewn with, 
ejectamenta, often accompaified* with small cones in 
occadonal activity. Being composed of soft and readily 
denadable materials, the accumulations are usually 
washed away with comparative rapidity, when they are 
inactive. 

In like manner, mud-volcanoes have their periods of 
repose and their epochs of activity, with bursts of erup< 
tivity which are sometimes of considerable violence. 

Occurrences of the nature of mud-volcanoes are not, 
of course, limited to petroliferous conditions, and similar 
phenomena are found unassociated with petroleum, as, 
e.g., the " salst^ ” and " salinellen,” occurring in Sicily, 
Italy, etc., and the mud-cones and eruptions, in which 
steam affords the active agent, occurring in connectidh 
with true volcanic action or solfataric conditions. There 
are, m<Heover, the gaseous emanations which denote a 
pl;ase pf vuloanism still further advanced, or approaching 
that of finid extinction, with evolution of the sulphur- 
etted gases, with sometime nitrogen, or carbon dioxide 
(qs in the case of the " moffettes ” of the Eifel). 

Mnd-vdcanoes, of the^trolifercsis type, being gener- 
ally assoeiated with conditions of sharp folding .and 
disturbance, thus do not, as a* rule, afford a favourable 
sign. Although some regions where tl^ey are consptouous , 
or thek devjpld^ment is pronounced — as, e.g., in Bijrma* 
and .'Arini^lb^ «si also in some parts *of the ifogion of 
Baki— 400 »oi unfavourable or unproductive, theis 
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presence more often, especially ^when remarkably de^* 
veloped, denotes conditions of too acute folding and 
too great disturbance in order to ^favour good results, 
or they betoken a production but egSiemeral in character 
— as, e.gr., in Kertch,^ Taman, ^North-Western Borneo, 
etc. In Trinidad, moreover, where a considerable 
number of mud-volcanoes are found, the folding is 
generally sharp jyid the strata more or less disturbed. 
In Tcheleken, on the othfer hand, where the strata are 
greatly distifrbed by faulting, but not by folding, 
ordinary mud- volcanoes do not occur. 

Mud- volcanoes are tsometimes held to be of a more or • 
less superficial character and origin, as when petroliferous 
beds covered with argillaceous strata or material come 
hear the surface, the occurrence of gas beneath the 

• covering of shale or clay, or other impervious material, 
forcing up the latter. Although some phenomena of this 
descrijition may be of such a nature, and minor occur- 
rences of such shallow origin take pljfce, the fact that 
mud-volcanoes are of more or less deep-seated origin is 
often evinced by the presence of fragments from lower 
formations amongst the ejectamenta — as exemplified *in 
Taman, Russia, Trinidad, and elsewhere. Moreover, in 
many petroliferous areas, where smeh conditions suggested 
as accounting for the phenomena and as suitable ;Eor j^he 
shallow mode of origin do exist, mud- volcanoes are not 
found. 

Frequently they are disposed, although often jn 
groups, in a linear arrangement, and, as might be ex- 
jjectad, more or less follow, and are usually situated 
on, the anticlinal folds ;* they appear, however, to be 

e most Jencforme(J along lines of dislocation or fracture, 

* to \j^hich circumstance the occurrences, Specially in«the 
case of^^'tbe deeper-seated and more important types, 
Hre doubtless generally duo,, such faults being sometimes 
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longitudinal— along the flexure, while transverse jiis- 
locations may also give rise to the required conditions 
,011 th^ crest of the anticlinal fold. And it is the ground 
and pulverized argijjaceous material or ‘^fault-rock,'" 
arising from the 'dislocation, and discharged by the gas 
and water, that produces the gil^y mud composing the 
principal and characjieristic emission from the vents. 
Tho practice, however, of finking up and eoihieeling lh(' 
positions of mud-volcanoes wi 4 h lines' of anticlinal fokW 
— as has sometimes been done, is, espeoially in little- 
known country, much to be de])recated, and not 
infrequently led to disastrous results. 

In many petroliferous regions mud-volcanoe^ are 
entirely absent. As might be expected, mud-volcanoes 
are not usually found in regions where •the strata ai^^ 
not much folded, disturbed, or fractured, and uou^d 
not be likely to occm’ under conditions su(*li*as thos(» of 
the A])palachian region. As previously pointed out, 
the older oil-bearing formations are, as a rule, eom])ara- 
tively little disturbed - if any appreciable accumulations 
of petroleum remain in them. Thus, in petroliferous 
regions or fields of earlier age mud-volcanoes are generally 
lacking. In fact, it is doubtful wheflher true mud- 
volcanoes have, ever Igeen found in formations older 
than those of Tertiary age. It is in connection with 
formations of Oligo-Miocene ago that they are most 
developed and frequent— indeed, even Eocene exaaiples 
appear to be infrequent. Thus,*l^heir occurrence might 
be regarded as some token of t homage of the formations 
wherein they are founcl, in new' countries. Jn many 
Tertiary oil-bearing regions, hbwever, they fail to occur, 
even where the folding is pronounced. Tjieii** absence 
may be regarded, where other indications and* the con^® 
dlliions are favourable, as a promising sign^rsjfcher'than 
otherwise — as tending to indicate lack of disturbance, 
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or ^more or less intact character of the reservoirs. A 
noteworthy instance of the absence of mud-volcanoes 
in a Tertiary oil-region is seen in ^le oilfields of Putch 
East Borneo^ where the folding is ?^ry pronounced but 
without much disturbance or fracturing ,* the results being 
more or less reliable and lasting. 

Mud-volcanoes often appear to bg subject to periodical 
eruptions, Vith intervening ‘periods of repose, ^dr of 
practical extinction. Frequently their activity seems to 
awaken or increase after heavy rainfalls — in a similar 
manner as often seems to be the case in the appearance 
of seepages. 

In many cases, violent eruptions or paroxysmal out- 
bursts have been noted to take place, which are usually 
preceded and fbllowed by intervals of quiescence, often 
pi long duration. In the case of some of the mud- 
volcanoes of the Taman Peninsula in Russia, some 
noteworthy and violent eruptions have occasionally 
occurred, in which rocks and large quantities of argil- 
laceous material are tlirown up. A notable example 
of such mud-volcanoes is that of Waimata in the North 
Island of New Zealand, where periodical eruptioils 
have spread a/bund the vent large accumulations of 
mud, some ten acres in extent, fRt one* time estimated 
to represent about 75,000 tons of extruded material^®*" 
— ^in spite of the amounts that must be removed by the 
discharged water, rains, and streams. In one eruption^ 
that occurred on July the 25th, 1906, the ejected material 
was thrown to a height^said to have been of 250 to 300 feet. 
Like^jise, in Trinidad, several such eruptions have from 
time to time taken place frdm the mud- volcanoes, notably 
in the ^*.rfses pf those of the Devil's Woodyard " anti the 
m (hemin du Diable." In the former Icfcality several 
violent eiTapj^ions Iiave been recorded from time to tiipo 
**Mining Joum.^ June, 1910. 
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luring the last century, whereby rocks and mud were 
hrown up and sometimes the trees largely uprooted and 
elled-^ffom which c^cumstance the Devil’s Woodyard 
Lerived its name. ^ When this place was aeen by the 
mter, in 1917, it con^sted of a barren patch, strewn 
v^ith ejectamenta of fragments fronf the subjacent 
orma^tion, with a few minor cones and emanations of 
:as. in the other case *nained, r<jcks of* large size 
are ^bmetimes ejected, in Violent outbursts which 
have been stated to recur about every ten or twelve 
years.* 

Sometimes mud-volcanoes break out beneath the sea, 
and in some instances new islandS|^ have been created 
by such submarine eruptions, although to be eventually 
washed away by the sea, with more or* less rapiditj? 
Thus, a new island made its appearance off the Arakan, 
coast of Burma, in 1907, which was reported tD have been 
as large as about 1,200 by 600 feet in extent, with a 
height above the? sea of about 20 feet, whjile a similar 
upheaval observed as actually taking jJace, in the 
same region, by the commander of a mail steamer, in 
September, 1909.f In the same manner^ a new islarftl 
was formed off the southern coast of Trinidad, in 1912.J 
Another and remarkabte instance of such occurrences 
is»that of a new island which made its appearance on 
the north-western coast of Borneo, in lat. 5° 20' 30" N. 
and long. 115° 21' E., off tlie shor^ of the Klias Peninsula, 
opposite Labuan, on September 21« 1897. This elevation 
was reported by residents at the time of its formation, 
as being about 600 feet in length and 450 feet in breadth, 
with an altitude of about 50 to 60 feet. This island was 
later visited and described by Prof, ^arl Schmi^t^ who,^ 

*t7unningham-Craig, E. H., “ Oil Finding/* j). 106. 

“I^Handc' ck, A. R. W., Oeog. Journ., vol. xxxiv., l(o. 6, D<tf. AK)9, p. 600. 

t BoswortA, T. O., Oeol. Mag., vol. ix., pp. 150-163, Dec. 5, 1912, “The 
Birth of Island near the Coast of T^nidad (Mud- Volcano. Erin Bav).” 
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wrking in 1904,* commented on the rapidity with which, 
marine erosion was denuding the soft materials, and 
surmised that probably at the presejit time nothing*would 
have remained of the island. Whenf however, the locality 
was visited by the writer,t in 1^09, although more than 
half had been ‘‘washed away, a considerable portion 
still remained, the hill measuring 210 by 120 feet in 
extent, and about ^40 feet in height ; but marine (tenuda- 
tion was then rapidly alfid ceaselessly diminishing its 
size, so that appeared as if it would not be long before 
it became completely demolished. It was then, however, 
no longer an island, having become joined to the shore, * 
from which it was n§,vor very far distant, by accumulations 
of sand. The hill is called l^ukit Tumbo '' (meaning 
4iill that has' ‘‘ sjirouted up It appears that this 
upheaval was synchronous with the occurrence of some 
seismic aettvity in the region. The following account 
by a resident at the time of the occurrence — Mr. Allard, 
who was ii) charge of some drilling operations in the 
neighbourhood, is of interest, as giving some/lescription 
at the actual incidence Halfw^ay between Memi^akal 
[Ind Lambedan, on the 21at of September, in the after- 
noon, a small island was formed. Some natives were 
out gathering oysters, and noticed a good many bubbles 
rising, after which a gradual upheaval took pla^c, j^nd 
went on all night, forming a hill of about 200 yards by 
150 yards, and 50 to 60 feet 'high. It seems to consist 
of nothing but slatyt-looking clay, with a few sand- 
stones in it, exactly similar to yhat we have been boring 
thrcvigh. It is about 30 yards from the shore, and has 
evidently been forced up through rocks, as some large 
. portions show wljere it has been scored and marked 

* If f 

• * “fUber die Geolope von Nordwest-Borneo und eine dabelbst ents- 

tandene NSiue^nsel.** • Beitr. Geophys, Leipzig, 7, pp. 121-136, pL vi, 
(Geol. map), 1904, and A.C. * 

t Qeog. vol. i^xxvii.. No. 1 (-Tan., 1911). 
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by passing through soije hard substance. There wae a 
strong smell of gas when I went to see it on the 22nd, 
and on picking up sojne of the rocks they showed signs 
of a white waxy-looMng substance having been forced 
into crevices, so I thinj: this had been forced up bj’’ 
pressure of gas below. It is not far frT)in where there 
are some oil-signs on the sliore.’' 

(2) Solid hydrocarbons* and biitimens. 

It now remains to consider the solid and semi- solid 
•or viscous hydrocarbons, or solid and semi-solid bitumens 
and asphalts — which may or may i^pt constitute indi- 
cations of petroleum, although they are usually the 
residual products or results of inspissation. ' 

These substances range in ph 5 ^sica] state from that < 
a true solid to that of a viscous or semi-solid* condition, 
while there are, of course, to be found all gradations 
passing from solid? and viscous substances U\ a thick oil 
or maltha. ^ Soipe bitumens, moreover, ()rdinarily solid, 
.soften or liquefy when subjected to the heat of the 
sun. In colour, they vary from coal-black through 
brown, greenish and reddish-brown, to yellow, or some- 
times colourless descriptions occur. 

in the first place they may be divided into those of 
the non-paraffinaceous, or “ asphaltic,” class, and those 
having a paraffinaceous conJpositiop — or of the ‘"cerous” 
do*scription, as ozokerite. 

Although the various (Jescriptioni of the former class 
are not always associated with petroleum, ozokwite 
is nearly invariably connected with the occurrence of 
oil — and that of a paraffin base. 

Sftlid bitumeiis may be further classed, according to • 
the® mode pf occurrence, as those existing in ^ c^^mpara- 
tively pjire or free state — Of with little contamination 
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by^ intermixture with extraneous^ material, as in the case^ 
of the high-grade so-called " native bitumens ; and as 
impregnations. 

Again, they are also to be distinguished as those of 
(1) superficial origin and accijmulation — or that have 
solidified at the®surface, and as those of (2) subterranean 
origin or “ interstratal occurre^ice — that have solidi- 

^ fied or accumula ted below*. To the first-mentioned 
category (1) belongs the bitumen formed as the result of 
inspissation at or near the surface, from seepages or the 
outcropping of petroliferous beds, such as is commonly 
known as “ asphalt.’'* Such bitumen or asphalt seldom* 
occurs in a quite pijre condition, being usually intermixed 
with mineral and other matter to a greater or less extent, 
•while there may be a predominance of bitumen or the 
Yeverse. In the case of the asphalt of the Trinidad 
Pitch Lak6, for example, the material consists of a pre- 
dominance of bitumen, together with a considerable 
amount of .mineral matter — about 35® per cent, (on the 
average). Although asphalt sometimes occurs in a 
comparatively or very pure condition (sometimes as • 
Such on a larg^ scale), as, c.gr., notably in the case of that 
of Bermudez, Venezuela, as also in the case of that found 
in the Dead Sea. 

To the other category (2) generally belong the yarijpus 
forms of the purer, and high-grade, solid bitumens, or 
the so-called native,” bituiftens, which generally occur 
within the rocks, as nnfillings of fissures (such as thgse 
associated with faults, slip-plaqes or joints, or in between 
bedding -planes), where they have been formed or solidified. 
(A name is wanting in order to describe, and distinguish 
from* ^^le asphalt, class, all the solid bitumens of this 
cha/*acter, although the term ‘‘ met^-asphalt ” •’was 
suggested ^or this purpose a long time ago, but hascnot 
since been generrflly used, wjiile also the term of asphal- 
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^ite '' has been. employed to denote those types of solid 
bitumens that fuse at a temperature of above 250° F. 
IJhe wsiter would sugi^est the name “ bitumenite for 
the distinction of suchi^ccurences of solid bitiwnens.) 

Impregnations are principally represented by the 
asphaltic rocks or limestones, sucli as, efgr., the Val de 
Travers limestone, as ^Iso asx)haltic sandstone, sand, 
and earth ; in which bitunlen is intermingled with or 
constitutes an intimate ingredient ef the rock. Another 
description of impregnation, however, may arise on the 
surface from exudations of oil or seepages permeating 
superficial deposits, such as sands or^earthy material, thus 
forming asphaltic deposits — although Jii this case there 
is often a predominance of bitumen over the mineral 
material. Of such a nature are the asphAltic patches 
or black spots common in most petroliferous regions. 

Unfortunately, the words “bitumen"' and '^asphalt 
are employed with various meanings and applications, 
and considerable ambiguity and confusion Jias arisen 
in their usage, as also in the case of the names “ pitch," 
“^tar," and others. Thus the term “ bitumen is often 
confined to the solid bituminous substances — while the • 
adjective “ bituminous " is frequently used to describe 
pyro-bituminous rocks. The term “ asphalt," in com- 
mercial usage, is commonly employed to denote the 
artificial preparation — rather than the natural rock or 

substance. Moreover, it is •sometimes invested with a 

' « 

chemical signification — as in speaking of oils of an 
“ asphalt base " (for petroleum which, is not of a paraffin 
base, or paraffinaceous), or as a general title for the dis- 
tinction of the bitumens other ’than those containing 
paraffinil. While the term '* asphaltite " has 'been 
introduced in oAier to define certain groups ot sol^d 

♦ Tffls term, however, was proposed by Prof. Traill, in 185^, for desio:- 
nating ** Tor^nite," but has not been subsequently uited for this purpose. 
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bitumens (the higher grade types) characterized by 
comparatively high fusing-points. Likewise, the word 
‘‘ pitch '' is often employed to denote solid bitumen or 
asphalt, a& also the name “ tar #ris sometimes used to 
describe viscous petroleum oy maltha,"' when these 
terms should properly mean the products derived from 
coal-tar. Although the terms mineral pitch" and 

glance-pitch " sometimes, and can be, employed 
to signify solid bitumens-* as likewise the term “dnineral 
tar" is someoimes used — to signify viscous oil or "maltha." 

The term " petrolite " has been introduced for dis- 
tinguishing, in a general manner, and including all the 
forms of the solid J[ntumens. 

As regards the definition of the term " asphalt," some 
distinguish asphalt " from the other or high-grade 
descriptions of solid bitumens as tliat having a low 
fusing -point, in distinction to those types that have high 
fusing-points — over 250^ F., and that are infusible — 
termed " j^sphaltites "and “asphaltic pyrobitumens " * 
respectively. The writer, however, prefers a differentiation 
based on the geological mode of occurrence — i.e., as of 
superficial, or of subterranean — or " inter-petrean' " — 
occurrence and origin. 

But, as previously pointed •out, the term bitumenf is 
here used in the widest sense — as would appear to be in 
accordance with the derivation or original Latin applica- 
tion of the term, to comjfrise all the natural hydro- 
carbons, whether solid, liquid or gaseous, excluding, of 
course, the substances belonging to the carbonaceous 
secies and pyrobitunicns. 

Sometimes the name* " petroleum " is applied in this 
genijric manner,^ to embrace all the forms of bitumen 
in^ connection, although the use of theSvord--in atcord- 

•* rf. Abraham. “Asphalts and Allied Substances^" (1918).* 
t^Taken frofn the Latin \^^rd “ bitumen." 
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Alice with its literal meaning — should properly be limited 
to the liquid descriptions. 

• The Expression “ na^-ural hydrocarbons is generally 
understood to imply a9tthe bitumens, or the “bituminous 
series,'" although this heading is sometimes also taken as 
comprising the coals, when suc*ii hydrocarbons are 
divided into (1) the Carbonaceous Series and (2) the 
BitumiiKius Series. 

The ^oals, however — while ^sscmtially consisting oi 
carbon and hydrogen— are, in general, ihore highly 
oxygenated substances than the bitumens, although some 
bitumens, and the inspissated jirEducts, may have a 
considerable oxygen content. But f^thracite coal, on 
the other hand, consists mostly of carbon. The bitumens, 
moreover, are generally characterized as being substances 
rich. in hydrogen, and consequently containing larger 
amounts of volatile hydrocarbons. 

It is difficult, however, to draw any hard and fast 
line between bitumen and coal, or ))et\^een the bituminous 
and the carbonaceous series, the one groui> grading 
tjirough various forms into the other ; some forms which 
occur having occasioned controversy— and oven given* 
rise to litigation — as to whether such shou'id be classed 
as a coal or as a bitumen, as, e.g., in the case of some 
solifj bitjimens or allied substances, found in New Bruns- 
wick* Canada, and Indiana (r.H.A.). In this manner 
there is a gradation frofti the ^ bitumens — through 
grahamite and the asphaltic pyrobitumens— to the pyro- 
bitumens. 

It is, however, the geological conditions and environ- 
ment, as also the apparent origin, of the occurrences^ 
that generally afford some, indication^ and • the' ibest 
‘basis*for distingliishing whether the substance is of tjie 
nature of a coal or otherwise— the coals propef* being 
directly the residual products^ of the^ac^jumulation and 
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ddfcomposition of plant-debris, ^ as also as to whether 
there is any present, past, or possible connection with 
petroleum. The coals, moreover, • have been ij&opd speci- 
fically differentiated — on a che^icfil basis — as being 
substances possessing cellulosic residue, which on dis- 
tillation can produce phenols. 

As regfirds the uses, or misures, and interpretations 
of the term “ bitumen,"" which, as already observed, 
has been, and is, emplo^^ed with different meaniiigs and 
limitations, ' the word being frequently confined to the 
solid substance, it is found that various definitions of 
bitumen, or opinion^* as to the application of the word, 
have been given different authorities, while it is often 
vaguely defined. For instance, the term “ bitumen ” is 
defined by various writers, or in some encyclopaedias, 
respectively as “a pitchy, inflammable substance,” or 
‘‘ a minefal substance of a resinous nature and highly 
inflammable ” and having a “ pitchy odour,” and again 
as applying to liquids or solids which fuse at a low 
temperature, give off a characteristic strong smell, and 
burn very readily, leaving but little carbonaceoi^s 
residue.” * ^Or, again, another definition describes 
bitumen as a rock, sometimes solid but sometimes 
viscous,” such being named accordingly ” asphalt ” and 

pissasphalt.” t Some even have imposed a, dei^nite 
thermal melting-point — such as not less than 35° C. — in the 
specification of bitunien. 

Such definitions «are obviously vague and inappro- 
priate, as also inaccurate — ^’hile it is seen that they 
generally relegate the term bitumen ” to the solid 
substance. 

Othpr ^authorities, however, have recognized solu- 

t Tbenard, L. J. (Baron), “ Traits de ('himie,*' vot v., p. 240 (18,^te). 

t V. ^jrbf^.in and E. Stanislas Meunier in “ Encyclop4die Chimique ** 
(M. Fremy), tome ii. Complement, Ire Partie (“ Combustibles mindraux ’*), 
Chap, vii., p. 410 (1^85). 
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Jjilitj — or partial solubility — in such solvents as carbMDn 
disulphide, petroleum ^spirit, ether, turpentine, and 
•cjiloroform, as characterizing a true bitumen — although 
such a definition wou)|[ exclude some bituminous occur- 
rences — which have been termed the “ Kerites,'" these 
being generally regarded as belonging or allied to the 
bitumens. 

In fif# classification ana Suggested nomenefature for 
bitumea, pitch, and asphalt, given by A. Danby,f the 
following definition and description for the bitumens and 
asphalts are given, the latter designation being applied 
to impregnations — artificial as well as natural, and the 
former to the purer substance — or tlj^at mixed with 
some impurities or containing some amount of extraneous 
matter, thus : — 

“ Bitumens . — All such substances which are found in 
Nature and require no further treatment other than 
the extraction of the mineral and vegetable impurities 
that they may htwe mixed among them ; ^ which are 
completely soluble in carbon bisulphide, but only partially 
so in ether, *and ^almost completely insoluble in alcohol, 
finder this heading are ranged the bitumens obtained* 
from Trinidad, Venezuela, Cuba, Mexico, etc., Barbadian 
^manjak/ glance-pitch, graharnite, gilsonite, elaterite, 
'"mrtzilite, Syrian asphalt, maltha, goudron mineral, 
bergfeer, the asphalt oils, and the viscous or solid bitumen 
that is found impregnating i^)ck asphalt. 

“ Also such substances which ase derived from the 
■distillation of any of the above qr of the asphaltic 
petroleums. 

‘‘ Asphalts . — All such substanefes that are impregnated 
— as distinct from being paerely mixed — with Neither 
bitumen, pitch, ir a mixture of the two! The impregna- 

* Cf. C. Richfkrdson, “ The Modem Asphalt Pavement/' p. 107 ^ 905). 

I “ Natuial Rock Asphalts and Bitumens/* p. 7 (1^13). 
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tion condition is necessary so as to clearly distinguish 
such bodies from impure bitumen, by which, as has 
just been mentioned, mixtures are designated^ The 
minerals usually forming the baiy,. of^ asphalts are lime« 
stone or sandstone, though, in the artificial types, other 
pulverised materials arc often used. It would, indeed, 
be preferable if only the naturally imiiregnated rock 
were alluSed to under this name, but certain, terms, 
such as ‘ British asphalt,’ which refer to essentially 
artificially-formed products, have now such a definite 
technical meaning, that to exclude them from this 
heading would be at least undesirable, as causing that 
very looseness of ^('xjiression and description that it is 
so necessary to avoid, even if such exclusion were not 
actually impossible. 

It is difficult, or impracticable, however, to distinguish 
'* impregnations ” from mixtures, the latter generally 
arising from impregnations. The same writer further 
groups the ^bitumens into the subdivkions of ‘‘ bitumens 
j>roper ” for the solid types, and maltha ” for the 
viscous or semi-fluid descriptions, as likewise pitches 
are subdivided into “ pitches proper and tars wiiile 
“ asphalts ” are merely divided into natural ” and 
“ artificial ” asphalts. 

A more appropriate definition of bitumen is the fol- 
lowing, as given by the “ American Society for' Telr^’ting 
Materials ” : — “ Bitumens are mixtures of native or 
pyrogenous hydrocarbons and their non-metallic deri- 
vatives, which may ^Ijc gases, liquids, or solids, and which 
arq soluble in carbon disulphide.” 

The following definition of the term Bitumen ” is 
given* by^H. Abraham,* qpd is one that shcmld be 
generally acceptable (except for the exclusion o£ the 
infusibCe ^^and Insoluble varieties) : — “ A generic term 
* ** Asph>iltc. and Allied Substances/' p. 21 (1018). 
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applied to native substances of variable colour, hardn»ss, 
and volatility, composed of hydrocarbons substantially 
free frpm# oxygenated bodies, sometimes associated with 
mineral matter, th^ non-mineral constituents being 
fusible and largely ^soluble in carbon disulphide, and wliose 
distillate fractioned between 30C>*’ and* 350° C. yields 
considerable sulphonatjon residue,"' adding a note that 
the d6^nition “ includes f^etrolcums,^ native* asphalts, 
miners^ waxes, and asphaltites.»’ • 

It is evident, then, that some sort of revision in the 
nomenclature, or rearrangement in‘ the terminology, in 
j*espect of the bitumens and the solid hydrocarbons, is 
to be desired. 

The word ‘‘ petrolite "" has been introduced to dis- 
tinguish, and to comprise aU, the solid formfe of bitumen, 
Butj as previously pointed out, a further word is needed,' 
in order to distinguish the purer or high-gradcp and more 
highly mineralized bitumens — usually of subterranean 
origin and solidificg;tion — ^from the tyjies of the nature of 
common asj)halt (although the term “ meta-asiihalt was 
proposed by Dr. Taylor, of Philadelphia, for this purpose, 
a long time ago, but does not seem to have ever comt^ 
into use. The term “ bitumenite is suggested in this 
connection). 

The term asphaltite," however, has been employed 
by If. Abraham,* in order to distinguish such bitumens 
as gilsonite, glance-pitch aild graham ite, as are charac- 
terized by high fusing points (over 250° F.) ; the in- 
fusible varieties, such as elaterite, jvurtzilite, albertite, 
impsonite, etc., being clalsed under tlie designatioi\ of 
"" asphaltic pyrobitumens."" . * 

Bitumen, and the natural hydrocarbons,, mli^i be 
broa^y grcuped»as follows — in a generall manner 

Asphalts and Allied Substances,” p. 148 (1918). 

,12 
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Natural Hydrocarbons. 



Bituminous Series. 


Carbon- 

Solid. 

ViscoUH or 
semi-solid. 

Liquid. * 

Gaseous. 

uceouB • 
Seriea. 

{Peirolitefi). 

Maltha^ 

Petrol-'um 

Natural and 


(1) Asphalt. 

’ ( Biss- ■ 

(Asphaltic, 

petroleum 


(2) (“ Bitu- 
menites the 

various or purer 
forms ot ^olid 
bitumens (meta- 
asphalts), (in> 1 

eluding “ as- 
phaltites ” and 
asphaltic 
pyrobitumens,*' 
and “ KenU's *’). 

(H) Ozokerite, anil 
the parathn- 
acoous class. 

asphalt) 

Flaterite. 

1 

paraffin - 
aceous ».*nd 
mixed-base 
oils). 

I 

1 

gases. 

1 

1 

1 

1 

i 

1 

1 

t 1 


The following is aiiothc* ela^fsilusutieii, wliich has been 
given by Dr. W. i*. Jilako * 


''Gaseous 

Fluid 

Viscous and sciiu-solid 

Bituminous \ 


Klastie 


k Solid 


/ Asphaltite 


oal 


Besinoiis 

1 

enrolls 

( ‘ryi^llvie 


Mar^b i;as 
Natural j^as 

IVtrolevm (Niplitha) 
I Maltha 

< Mineral tar 

f Brea, ('liapojiote 
\ Klaterite 
i Wuit/ilitc 
I Albertitc 

< (irahamite 
( Vintaite 

i Bituminous coal 
^ Semi-bituminous coal 
f Anthracite coal 
i Succinite (amber) 

^ Copalite 
( Ambrite, etc. 

J Ozokerite 
} HateheOite, etc. 

\ Fichtelite 
} Harlite, etc. 


* Trans. Anier. Inst, Min. Eng., vol. xviii., p. 582 (1890). 
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To revert to the consideration of the various ty^es 
of the “ native '' soli(f bitumens, these have received 
various nfimes — some according to the locality of occur- 
rence, some according to the local native n^me for the 
mineral, and other^ after persons who have been identified 
witji them ; while they (mfer in relative purity or amount 
of intermixture with, extraneous material, chemical 
compe^tion, behaviour in •solvents, and phj^sical pro- 
pertied-such as relative hardness |ind softness, tendency 
to viscosity or fluidity, and fusibility. Generally their 
specific gravities slightly exceed unity, with the exception 
jOf ozoKerite (or the ccrous descriptions). 

The solid bitumens are mostly soluble, to a greater or 
less extent, in turpentine and chloroform, and ]>artly 
soluble in petroleum spirit, benzol, and ettier, and are 
all more or less dissolved by carbon disulphide, with thei 
exception of those termed ‘‘ Korites,"' which also are 
mostly infusible, this group of substan(*es being generally 
regarded as being.allied or assignable to the bitumens. 
They are generally insoluble in alcohol. 

In connebtioif with the solid bitumens, the term 
petrolene is used to denote the volatile ])ortion» 
that can be distilled off,* the term asx)haltene 
being given to Jbhe n<jn - volatile constituents — or 
residue. 

ffere^gain, however, there is ambiguity in the nomen- 
clature, as the term "" petiolene is also employ erl to 
denote the percentage soluble in pe)-roleum spirit, ether, 
or acetone, and likewise the term “asphaltene " for the 
insoluble portion or residue thereof. Again, the latter 
term is also sometimes used to •signify the fraction dis- 
solved tby turpentine or chloroform. The tef m V jnal- 
•thenfis’" is sometimes substituted for “ petrolefie ” in 

* Simetimes specified as that which is volatile at 326 ° F. C. Jli^hardson, 
The Modern Asphalt Pavement,** pp. 117-118, New York (1905). 
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thifc latter sense — i.e., for the soluble content, in view of 
the differing meanings.* 

In commercial usage, however, either application«of the^ 
term “ petrolene "" amounts to mu^h the same thing — ^for 
practical purposes. The commercial ‘ value of a solid 
bitumen is sometime^ reckoned according to the per- 
centage of petrolene — especiallj^ for such purposes as 
the manufacture of varnishes, etc. 

That which has been termed the carbone *’ CQntont, 
in a solid bitumen, is the portion that is soluble in carbon 
disulphide, and insoluble in carbon tetrachloride 

Home occurrences of solid bitumens are directly or 
obviou.Jy connectejl with petroleum, and in other cases 
the relationship is obscure or remote, while some examples 
•would appeaf to ha\e no such connection, or to be of 
»independent occurrence 

It is, however, amongst petroliferous strata that they 
most commonly occur, as infillings ot fissures -fault-planes, 
joints, or sometimes along bedding-plan*^, etc., usually ’in ar- 
gillaceous strat a, although in some cases found inlimestones. 
Among the sevi ral varieties of solid ‘‘ native ” bitumens 
or “ bitumenitcs ” — that have been distinguished' oi 
received names, tlu' following are the principal types, 
or names, that have been recognized - 

Maniak (after the Baibadian name), oi “ (Ucince Pitih.” 

Uintdite (named altei the Ihnta Mountains or Omiiity, TtaK, U.U.A.). 

Altso termed “ (jldsonite ' (alter S II Gilson). 

Tdbbyiie (named alUi the Tabby*(’an;^on, Utah, U.S A.) 

Piauzite (named aftoi Piau/e, ('ainiola Piov , Yugoslavia). 

Grahanute (named aftei tlie Mcssis Giaham). 

Elateiite (Mineral “ (Voutchoue”) 

Cooiongite (named alter the Gooiong Distnd, SSoutb Australia). 

Wuit/ilite (named aftci Dr. Henry Wuit/). 

Albeitite (named after Albert ('ounty in New Brunswick. ( anada), also 
^ M^lan-asphalt '* and “ WotherJite " (after Dr. i\ M. W »thcnll). 

‘ " { w — 

.* As proposed by Prof. C. Richardson, who also lYiaiacUnzef. th^ teim 
“Asphaltene^” as tK3 nou-\olatile hydiocarbons soluble in Ciirbon tctia- 
chlonde.*’ /hd, p. 117. Cf. also 1). Holde, “ The Exammt^tion ot Ikydio> 
carbon Oil^,” etc. (Tri-n«<lation), New York, 1922. 
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Nigrite (“ Niger — black). 

Impsonite (named o,fter tne Impsou Valley, Oklahoma, U.S.A.). 

Ozokerite (after the Greek “ ** — “ emit odour,'" and “ " — 

• “itax"), (“Miner^-wax"), and the substances belonging to the 
“ cerous ” or pac^naceous class, as, e.gf., Nejt-gil, Hellenite^ 
Scheererite, Konlms, Hatchettite, Hartito, Dinite, Ficlitelite, 
Zietrioikite, Napalite, J^abaite, etc.^ 

Df these varieties of solid bitumens the first-mentioned 
substances, down to ©rahamite, are fusible, |is also the 
Ozokefite and paraffinaccous class, ajthough Grahamite, 
is wiflh difficulty fusible ; wllile*the other descriptions 
named (without Ozokerite, etc.), from Elaferite to Imp- 
sonite inclusive, represent infusible types — although 
some of them dissociate on heatiftg, or are fusible after 
decomposition. 

Some primarily class these minerals (other than those 
of the Ozokerite description or containing ^paraffins) intd 
the fusible types- -or rather those the fusing-points dl 
which are over 250^ F., under the heading ol asphalt- 
ites,*" and into the infusible descriptions — which have 
been styled ‘‘ aflphaltio i)yrobitumens.'’ .This latter 
term, hovgDvcr^ is somewhat inappropriate and mis- 
» leading for describing these bitumens, although they 
are sometimes excluded from the bituminous series an?l 
classed with the pyro bitumens ; but they are obviously 
more closely related teP the bitumens — in any case in 
th#jr iiiode of occurrence and origin — than to the i)yro- 
bitumens proper — which comprise the coals and shales, 
while, moreover, appearing often, to have resulted from 
the metamorphosis of the other descriptions of bitumen — 
as also from petroleum itjgelf . • 

Some, again, class those varieties which are insotuble 
in carbon disulphide under th6 designation of “ Kerites."' 
The infusible descriptions ane, however ^gencra^ly piiwluble 
— dt only to a fractional extent solyblej— in that sohj^ntf 
and thus ^or the most part corresi)ond to the ^‘.Kferites/' 
As resjgards the asphalti^ps,” moredver, it is, as pre- 
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viously pointed out, hardly practicable to impose the ' 
restriction of any definite fusing-point for their distinction, 
or to draw any hard and fast line tbetween the‘'bi<umen6 
fusing abo’^e or below 250° F., aS thf3 fusibility in the 
same occurrences or spams may vary, the melting-point 
frequently becoming lower at greater depths — as "in- 
stanced in the case of somp of * the Man jak seams 

, found in Barbados. ' 



Streak. 

t- 

Specific 
Gravity 
at 77® K. 

]riisl}>ility. 

Fixed 
Carbon . 
Ptjr cent. 

(*‘ Asphaltites 'q 

4' 




Uintaite 

Brow'n 

105-110 

250°-350° F. 

10-20 % 

(Gilsonite). « 




Glance -Pitch 

1 (including 

“ manje^ ”). 

Brown to 
black 

MO-MS 


20-30 % 





Grabamite, 

Black 

1-15.1-20 

350^-600° F. 

30;55 % 

(“ Asphaltic 
Pykobitumehs ”) 





Elaterite» 

Light 

brown 

0-90-1 *05 

Decomposes 

• * 

2-5 % 

Wurtzilite, 

»» 

1 05-1 -07 

»» 

5-25% • 

L Albertite, . 

Brown to 
black 

1-07-1-10 

i- 

Fusible only 
on de- 
composi- 
tion 

25-50 % 

Impsonite, 

Black 

1 .. 

1-10 1-25 

Infusible 
and de- 
composes 

50-85 % 


As adopted in tlie fciystem of classification employed by 
H. Abraham,* the fusible bitumens, or “ asx)haltites,"* 
are »' arranged or classed according to three principal 
types or classes — namely, ‘chose of “ Gilsonitc,"’ “ Glance- 
Pitclr '^—including ‘‘ Manjak,*?^ and “ Grahamite,'" mainly 
'OR .the basis of the degree of fusibility, specific gravity, 

* “ AnplialiTs and A{]ied Snb8tance.s/* pp. 127 and 149 * and Eighth 
Internationq.1 Congress iu Applied Cjremistry (Sept. 1912). 
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and amount of fixed carbon possessed by the substan^‘s. 
While the infusible varieties, or “ asphaltic pyrobitumens"' 
are likewise assigned, to four main types — namely, 

Elaterite,"' “ Wiirlftilite,"" “ Albertite,'’ {fnd Imp- 
sonite,"" on a similar basis — principally according to 
the* specific gravity and percentage of fixed carbon 
presenj in the mineralsi; as^in the manner distinguished 
in the table on the previous page. 

It is^ difficult, however, to asSigrf all the various occur- 
rences and descriptions, or make their physical and 
chemical properties conform, to such s})ecific iy])os, or 
*to individual occurrences, the s'bveral varieties and 
occurrences each having particular characteristics, as also 
their geological mode of occurrence and environment, 
which should be taken into account. 

There is, moreover, much variability in individual 
occurrences, and it is probable that explorafion down- 
ward would, in many cases, reveal a gradual change in 
the properties of tSie substances — such as fusibility, ])er- 
centage of fixed, carbon, specific gravity, etc. ; while the 
ceveral types appear to represent but stages in the })rocess 
of metamorphosis of bitumen -which maj^ proceed from* 
liquid petroleum to the most refractory solid bitumen. 

Another propos^d mettiod or system of classification 
of t^e ‘ipetrolites,'" on a chemical basis, has been formu- 
lated by J. E. Hackford,* as follows : — 


Asi'haltites 


.Oxy-asphaltites 


'^Thio-asphaltites 


'Oxy-alipljutic asphaliite. 

Orahamitet 

( )xy - aroma tic as phal t i tc . 
Macuspaiia^ecp. 

Oxy-hetero-cyclic asphaltite. 
aeops (soJid). 

I 'Shio-aliphatic ^phaltiiet 
Gilsonite. Manjak. 

Thio-aroma^c thiy-he^ro-cyi'Iic ‘ 

varieties are at present urilino^n. 


* Hackfoyl, J. E., “ The Signifioanceof the Interpretation of^e Chemical 
Analysis of Seepages." Journ. Inst. Pet. Tech., voh viii., pp. 20t (1922). 
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Kerites 


^Oxy-keritcs 

^Thio-kerites 


i Oxy-aliphatic Kerite. 

I Elaterfie and Albertite. 
f Other two classes unknown. 


( Thio-alip^atic Kerite. 

I Wortzilife an<^ Impsonite. 

( Othe^ two classes unknown. 


The asphaltites and kerites (insoluble) are here prim- 
arily subcVvided on the basis, of bfeing “ oxy '' or V thio '' 
— i,e., mainly according to the amount of the ‘sulphur 
content. This dilferentiation does not, however^ apply 
very well to the various occurrences ; while, moreover, 
manjak ” is characterized by its exceptionally low 
sulphur content, whereas some examples of grahamito, 
as, €.(/., that of Trinidad and Oklahoma, have a high 
sulphur content. 


Manjak. — Manjak is the name given to the solid 
bitumen, or glance-pitch, occurring in veins and fissures, 
in the island of Barbados. The same name, however, is 
also used to describe the similar occui^rpnces in Trinidad, 
although this bitumen is of a somewhat (;liffcr,ent nature. 

The Barbadian manjak, although variable in quality,^ 
is generally yevy pure, with comparatively little inter- 
mixture of extraneous mineral matter or other impurities, 
and furnishes some of the highest-gi^ide solid bitumen 
known, and the superior qualities, which are.riclj in 
petrolene, fetch a high price, the material being much 
used for the manufacture of varnishes, japans, etc. 

This mineral is evidently and intimately connected with 
petroleum. It occurs in veins^ or seams, infilling fissures 
— ^uch as those connepted with faults, joints, minor 
slip-planes, or bedding-planes, which traverse the Ter- 
tiary argiUaceous* strata at aifl angles. ^ 

‘^It is, black in, mqss, but shows a dark-brown stteak, 
and thb fracture is conchoidal. 

The material is usually 4)f higher grade and, richer in 
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petrolene in' the centje of the seams, as also de#i^)er 
down, than at the outer parts. 

In typical samples^the specific gravity is in the neigh- 
bourhood of rn> (fet 77° F.), and the percentage of 
fixed carbon is from 2^ to 30, while the fusing -point is 
generally about 350° F., but at *depth*the fusing -yxnnt 
of thg substance often becomes lower, while sometimes 
the material is found even to merger into a maltha — as 
traced downwards along the sdixim 

In the flame it softens, splits, ami burns.* The sul])hur 
eontent is very small — about 0*7 to 0*9 ])er enmt It is 
almost completely soluble in cArbon disulj^hide and 
partially soluble in benzine, turyjontine, and ether, Init 
insoluble in alcohol. 

The Trinidad manjak partakes more of fhe nature of a 
grahamite, having a higher fusing-point (350°-440° 
also a higher specific gravity and percentffge of fixed 
carbon, and a hackly fracture ; it is of a more indurated 
and usually les^ pure . description — having, generally a 
greater intprmycture of extraneous mineral matter. 

^At deei)er levels, however, the fusibility declines -the 
fusing-point being down to 280° F. in the soft materifil 
in the C(?ntre of the vein at the 200-foot level in the mine 
— and at depth a variety is found in the interior of the 
SQjjms^ with a conehoidal fracture, which is more of the 
natm*e of a glance-pitch."’ Also a variety with a col- 
umnar structure occurs, in* the exterior parts of the seams, 
having columnar jointing which runs at right angles to 
the margin of the vein. 

Other deposits of “ glance-yntch, similar ia the 
Barbadian manjak, are found iti Colombia (South America), 
where depositg are workedpat Chaparral, in thejfiovince, 
of^Tolima, on the Saldana River (a tributary o^l)^ 
Mftgdaleiya River), which locality is situated aliout 100 
miles tg the south-west of ]gogota ; irfHayti, near Azua, 
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on «the Bay of Ocoa ; and also iij the Arabian desert, in 
the neighbourhood of Neapolis ; while extensive deposits 
occur in Syria (Hasbeiya). Some pf the solid •bitumen,* 
moreover, f«.und floating on the wtftcriL in the Dead Sea 
has a high fusing-point (about ,275° ¥.), and would be 
described as a •‘glance-pitch,'’ this being supposed 'to 
be derived from veins occurring lat the bottom of the 
Dead Sea. 

Uintaite or Gilsonitej — ^Jintaite is, like the Barbadian 
manjak, one of the purest occurrences of solid bitumens, 
as also one of tlie most valuable, but differs from “ man- 
jak ” in its brown svreak and slightly lower specifie 
gravity ; also in having a smaller percentage of fixed 
carbon. 

• The fusing-\)oint is more or less similar to that of 
. V glance-pitch " or manjak," being from 250° to 350°. F.,. 
while the specific gravity is about 1*05 to 1*10 (at 77° F.), 
and the percentage of fixed carbon runs about 10 to 
20. It is J)lack in mass, but. the ^^treak is brown, 
and has a conchoidal fracture, with a brill vant lustre. 
It is soluble in carbon disulphide and ether, dissolves' 
ifi turpentine, and is largely soluble in chloroform and 
petroleum spirit, but is insoluble in alcohol. The sub- 
stance has the iJrojierty of becoming electric on friction. 
The sulphur content ranges about 1-7 to 2’0 per c^nt.^, 

Gilsonite, or Uintaite, is found only in a comparatively 
restricted area, which Ijcs ]3art*iy in Eastern Utah (Uinta 
County) and partly in ^^'^estern Colorado, the mineral 
being principally fouivi in the a^ea knowm as the “ Uinta 
Basin," and is mined in the neighbourhood of the con- 
fluence of the Green and \\%ite Rivers. 

The«/ninecal oceprs in a number of vertical and* more 
Qr Ijgss parallel veins, varying in thickness irom a fraction 
of an inch lo several feet, which traverse the Tertiary 
shales and sandstones in ^ north-WTsterly to, south- 
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easterly direction. Thg grade of the material is faWy 
uniform in all the veins, although, as is usually the case 
in ** bttuifienites,^' it of a better quality in the centre 
of the vein than at tlie margin, where the fmcture may 
be semi-conchoidal with^only a semi-bright lustre. As 
frequently occurs in asphaltites, a coluTnnar or x>encil- 
lated variety is found in the exterior regions of the 
seams. 

GilsBnite is one of the most Valuable native bitumens, 
and is largely used for the manufacture of ])airtts, varnishes, 
jax)ans, etc. The mineral evidently has affinities with 
petroleum. 

The name Courtzillite has beei^ given to a variety 
of Uintaite 

Tabbyite. — This name has been ajiplicd tb a pure solid 
bitumen of low fusibility, found in the Tabby Canyon, • 
which is a branch of the Duchesne River, inTthe Uinta 
County, Utah ; this locality lies about 8 to 0 miles 
south-west of theVown of Theodore, and al)Qut 30 miles 
west of th(5 tojvn of Duchesne. It has a conchoidal 
•fracture and bright lustre, with a black streak. The 
fusing-point is about 178° F., the speejfic gravity 
slightly above unity, and it gives a x)ercentage of fixed 
carbon of about *9. It •is nearly completely soluble in 
caiiboiu disulphide and largely soluble in petroleum 
s^iirit, and contains about 2 per cent, of sulphur. 

•Piauzite is a fusible solid bituminous substance found, 
associated with brown ejal, at Pisuze, near Neustadt, 
in Carniola, and also on Mount ('hum, near Tuffe», in 
Styria^ Austria, It has a bfownish or greenish- black 
colour in mass^ and a light brown streak ; thcjhpecifie 
gra^ty is about 1-22. It is soluble in ether, caix^jici 
potftsh, an^l x>urtially so in alcohol, and fuses afti about 
315^ F. 
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Grahamite. — The Grahamites ^ are in the main dis- , 
tinguished by having a relatively high specific gravity, 
a high fusing-point, a large perceptage of fixed earbon, 
and a black streak, while they are» n^ore or less soluble 
in carbon disulphide. Their general characteristics are 
represented hy blacliness in mass and streak, a con- 
choidal to hackly fracture, witlv bright to dull lustre, 
and they have a ^specific gravity of from about*l']5 to 
1-20 (at 77° F.), and a «fusing-point of about 850° to 
600° F., the amount of fixed carbon ranging from 30 ]»er 
cent, to about 55 per cent. They are largely to com- 
pletely soluble in carbon disulphide (from 50 to 100 per* 
cent.) and in chloro{orm, and partially soluble in petroleum 
s]3irit and tur^^cntinc, but insoluble in alcohol. 

They mord frequently occur in a less pure condition 
than the other “ asphaltiics,*' and in some cases m«ay 
contain up* to 50 per cent, of extraneous mineral matlo* : 
while often found in thicker veins. They are generally 
connected ^vith the occurrence of petroleum. 

Tlie original Grahamite occurs, and was mined, in 
West Virginia, at a locality in a branch of the Hughes^ 
'River, in Ritchie County, situated about 25 miles south- 
east of J\arkorsburg, having be^en named after the Messrs. 
Graham, who were interested* in that mine ; and the 
substance was originally described by Dr. Henry ^Wi\rtz. 
The mineral there filhs vertical fissures that traverse 
the Carboniferous sandstorfes and shales, the veins 
ranging from about » 5 feet down to a few inches, in 
thickness, 

« 

Other occurrences were subsequently discovered and 
recognised to be similar** to Grahamite, in the United 
State'^ and elsewl^iTC. 

^Several deposits occur in Oklahoma, including* the 
largestVknown vein of solid bitumen in the world, which 

is found in tbn Creplr thp loenlifv beincr situated 
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about 12 miles west of Tuskahoma ; it has a thicki^ss 
of from 19 to 24 feet, *and extends for about one mile 
in length.. Another large deposit, whieli has been mined, 
occurs in the Inmsq|^ Valley — about 16 n^jiles to the 
north-west of Antlers, Oklahoma. 

Other occurrences of tlie character ot« Orahainite are 
found in Colorado, Texas, in several districts of (’uba — 
in the\)rovinces of Havanm, Pinar del Rio, ^nd Santa 
Clara ^where it is found associated with serpentine), and 
in Mexico- -in the provinces of Tamaulipas and Vera 
Cruz (in the Huasteca, on the Panuca River). ^Phe occur- 
rence in Trinidad has already Iv'en described- undt^r 
‘ manjak.'' ^ 

The sulplmr content in Grahamites i^ often liigli - 
from about 3 per cent, up to over 7 per vent, in sonu, 
instances, although in the case of the original occurrence^ 
in West Virginia, it is only about 1-8 per cent.» 

Cirahamite might be regarded as affording a sort of 
connecting link be^WTcn the fusible bitumens oi “ as})hal- 
:ites and the infusible and insoluble types,* which now 
jome to bo considered. 

Elaterite. — Elaterite, although comparatively soft and 
Df an elastic character - -hence the nam^ of mineral 
caoutchouc” — is ^ one c^f the infusible and insoluble 
bitumens (“ kerites ” and “ asphaltic pyrobitumens ”), 
bu^it IS fractionally soluble in ctht^r (about 18 per cent.). 
It has a dark-brown colour in mass, is sub-translucent, 
with a light-brown streak, and has^the })roperty of being 
somewhat elastic and compressible. Tt has a very small 
percentage of fixed carbofi — only afiout 2 to 5 per cent., 
and the specific gravity approf^hes unity. 

The^ original elaterite is found in ]ead-mine{> in*J}erby- 
shir^ — ^in the Odin mine, near (Ustleton (havihg been 
.disco\er(d and described by Listed irF 1673^, ^hereir 
occurs, associated with the galena c and Calcite, in 
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reform and fungoid masses, in the Carboniferous Lime- 
stone. 

Other similar occurrences are reported in ^cot^and — 
€.gr., in the ^hapel quarries in Fifes^e ; in the coal-mine 
of Montrelais (near Varades, in the L&ire Inf6rieure), in 
France ; near JJTeucha^iel, Switzerland, and in the isl?tnd 
of Zante. 

It is of •scientific interest only,* while the relationship 
' with i)etroleum somewhat obscure. It is, hcgvevcr, 
really a prototype of wurtzilite. 

Deposits of a solid bitumen analagous to elaterite 
have been found in the neighbourhood of Lake Balkash, , 
in the Province of Semiretehensk (Siberia), near the mouth 
of the Hi River. This is fairly pure, having only 3 to 
^5 per cent, of pxtranoous mineral matter ; it has a specific 
^gravity of 0*995, and is very slightly soluble in carbon 
disulphide,, 

Coorongite, which has been classed as a varietj^ of 
elaterite, is the name given to a cyrious bituminous 
deposit fouficl in the Coorong district, south of xVdolaide 
in South Australia (already mentioned in Chapter II.). . 

„ Wurtzilite. — The true wurtzilite is of a somewhat* 
restricted occurrence, being only found in a compara- 
tively limited area (about 100 square miles in extent),' 
which is situated in the basin oi the Uinta River, in the 
district of the Strawberry Creek, Utah, and abbut^'oO 
miles w'est-soutli-west of ForttDuchesne. 

This mineral is fouild in a fairly pure condition, and 
is black in mass, with a light brown streak, and, 
like elaterite, it is V)f a fibromas nature and elastic — 
being flexible in thin flakes ; while it is sectile, and the 
fracturp is conchoidal, with a bright lustre.* .It is, 
likewise,^ one of the infusible* (or rather it doci not fuse 

*C/. Bl»ke, W. P., Trans. Amsr. Inst. Min. Eng., vol. xviii., p. 
.( 1890 ). 
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without decomposition) and insoluble bitumens, although 
a fractional amount (about 6 to 10 per cent.) is soluble 
in car^^on^iisulphide. But, on being heated, wurtzilite dis- 
sociates or depolyme^es, in this way forming fusible and 
soluble products. * The percentage of fixed carbon is also 
lo% being from 5 to 25 ^r cent., and thfj specific gravity 
(at 77° F.) is about 1*06. The sulphur content is high. 

The*jnineral occurs in comparatively thin and nearly 
vertic^ veins, which traverse ^ shaly limestone, of early 
Tertiary age. ^ ^ 

It also has been termed “ ^Egerite and /Eonite/’ 

. Albertite. — The original albertitq occurs in the ]-.o\vcr 
Carboniferous shales of New Brunswick ((^anada), at a 
locality in Hillsborough County, about 20 miles south of 
Moncton, not far from the Albert Mines, whence it takes, 
its name. It was formerly mined there, having b(‘en^ 
used along with coal for the production of gas, and at 
first was even regarded as being of the nature of (M)al 
(having been termj^d ‘‘ Albert coal although geological 
examination and the mode of occmrrenoe showed that 
the mineral* could not be of the character and origin of 
•coal, since it occurred in veins intersecting the strata. 
It was, moreover, subsequently examined Ify Dr. Wethcr- 
fll, who showed that the mineral differed in chemical 
and physical properties from any of the coals, being more 
allftpd t!b asphalt or bitumen, and he named it “ melan- 
asphalt."' 

Subsequently, occurrences of sflbstances which were 
found to be of a similar character were discovered else- 
where, and the name “ sJlbertite '' ^as become more or 
less a generic term for suclj* infusible and •insoluble 
bitum<uis as are of a similar description to the lyiginal 
New Brunswick* mineral. 

In general, the characteristics of th® Albertitos a^ dedA-*^ 
miifed by (•!) infusibility (but with dissociation, -or partial 
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depolymerization, on heating) ; (2) insolubility in carbon 
disulphide, etc. ; (3) a specific gravity of about 1-07 to 
1-1 (at 77° F.) ; (4) a comparatively high percentage 
of fixed carbon, ranging from 25 lo 50 per cent. ; and 
(5) a small ])orccntago of oxygen — \^hich is less than 
3 per cent. ** 

The appearance in mass is usually of a brilliant black 
descri])tioi^, while the streak is brown to black.* The 
fracture is (*onchoidal to hackly, with a bright lustre. 
The Albc'rtitcs are only fractionally soluble (about 2 to 
H) per cent ) in carb(*n disulphide and but s])aringly 
soluble in i)etroleuni spirit (up to about 2 per cent.). 
The substance has the property of becoming electric on 
friction. The suli)hur content i^ usually low, being about 
1 per cent. 

In the New Brunswick occurrence, in Hillsborough 
County, the mineral occurs in vertical and steeply 
inclined veins, from a fraction of an inch to a maximum 
of about 17 feet in thickness, traversing bituminous 
sliales of Lower Carboniferous age, which abound in 
fossil fishes. This occurrence takes the fc5rm of one 
principal fissure- vein with smaller lateral \eins and 
ramifications * 

An occurrence of solid bitumen, reported to be an 
albertite, is found in the locality of Libollo, in Angola, 
Portuguese West Africa, and so has received the nahic 
of “ Libollitc.” * 

A solid bitumen, which has been described as an 
albertite in character, is found occurring in small veins 
in the shales of the Old Red {Sandstone, and also in the 
underlying gneiss, near Strathpeffer, in Ross-shire. 

“ Ta^manite/* which occurs in small grains disseminated 
in a pyrobituminoiis shale, in" Tasmania, uear the Mersey 

* (iome“ C’omm. Dir. Trabalhos GeoJ. Portugal^ iii., pp. 244-00; iv., p 200 
(1^9b.8). 
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Iimpsonite is of a dull black appearance in mass, and 
somewhat brittle, with a hackly fracture and semi-dull 
lustre, and the streak is black. In the flame the substancf 
decrepitated). Home specimens ha\e iip to about 5 per 
cent, soluble in carbon disulphide, and others only a 
trace soluble, "the sufphur content is not generally high 
(between Jl and 2 per cent.). 

The deposit in the Impson Valley, Oklahoma, U.S.A., 
from which the name is derived, was found to bs more 
of the charal-tor of a “ grahamite ; but a large deposit 
of Impsonite is found in South-Eastern Olflahoma 
at a locality, in the* La Flore (Vninty, situated on tlu'- 
.southern sloj)es of the Iflack Fork Mountain, al^out 
two miles to the east of Page, where it lills a fissure due 
to a fault, ^he vein being about lb feet in thickness, 
traver'^ing a series of sandstones and shales (d (Wboni- 
lerous age. It is also found at another locality, over 
the border, in Arkansas, situated at .a distance of about 
12 miles to the east of the above mentioned deposit 
in the Black Fork Mountain, occurring as veinlets in 
sheared shales and sandstones, also of Carboniferous 
age ; while ajiother occurrence has been found in Okla- 
homa, in the Murray Count 3 % situated at about 5 miles 
to the north-east of Dougherty Also a deposit has been 
reported to be found in Nevada, l^.S.A., at a locality in 
the Pine Creek Valley, in Eureka (\)unty, situated about 
15 miles to the soutji of Paiisade, where it occurs in a 
vein, which is over* 300 feet in length, the substance 
filling fissures in a faeries of fractures in steeply inclined 
sandstones and shales of Carboniferous age. 

This concludes the consideration of the solid non- 
parafSpaejous bitumens— or ‘ bitumenites.” 

Tt will have been noticed that the majority oi{ the 
occurrences or types of these solid bitumens are described 
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or reported as found in America, and particularly Iftve 
many descriptions and varieties been found and dis- 
4)inguiBhed in Utah— which might indeed be regarded 
as furnishing a sprt^of museum for the tj^es of solid 
bitumens or “ bitumeni^es/’ This is not, however, so 
milch on account of there being more ^lifferent s])ecies 
or more numerous occjurrences in America, as owing to 
the ciiocumstance that in £hat count^jy they have been 
more Studied, examined, and differentiated. 

It is probable that the several types arc? to bc^ found 
in many countries or occur in most petroliferous regicjns, 
but remain to be recognized, or determined by exami- 
nation. 

Moreover, it is probable that the contained bitumen 
in many cases of the so-called asphalfic rock-im-^ 
pregnations may often be of the description of onc^ of- 
these classes of solid refractory bitumens or ^ bitumon- 
ites ; thus, in the case of some occurrences of l)itumi- 
nous grits found in Trinidad, the bitumen c;ontained in 
the interstices is of high fusibility. 

But, as previously mentioned, these several ty]K‘s of 
solid bitumens more or less illustrate progressive stagc.f 
in the metamori)hosis of bitumen ; although the character 
and differences in the® chemical composition of the 
originaj bitumen or petroleum, from which they resulted, 
may in some measure determine the varieties and 
characteristics, the envirdhment ^ and physical condi- 
tigns under w^hich they solidified and underwent meta- 
morphosis being also a factor in they differentiation. 

It now remains to make mention of “ Ozokerite, and 
the paraffinaceous group of native solid hydrocarbons. 

Oiokerite or ^ Mineral Wax ” is a waxy paraffinaceouj^ 
solid bitumen, composed mainly of Ihe* higher n&mbers 
of the “ + 2” and. the “ C^I{2n ” 'series of 
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hytlrocarbons, and is generally found in association with 
petroleum of a paraffin base, from the alteration and 
inspissation of which it has arisen. ^ 

The coloifr of the crude material Vviri^ from a colourless 
or transparent yellow through ,vellow-brown and brown 
to a dark bro^n, or sometimes even almost black in 
appearancp, according to the nat/ire and amount of the 
impurities intimatj^ly contained in the wax. 

The specific gravity <s jUst under unity, and the busing- 
point ranges^from about 150° to 180° F., but the sub- 
stance frequently carries some petroleum in diffusion — 
which renders it softer and the fusing-point lower, 
according to the amount of petroleum x>iuscnt. It is 
soluble in most of the solvents — such as carbon 
disulphide, tii’rpentiiie, petroleum distillates, benzol, etc., 
'and also in ether, but only very sparingly soluble in 
alcohol. ^ 

Ozokerite is seldom found in formations older than 
the tapper jfJretaceous, and is of more 'general occurrence 
in the Tertiaries and notably in the Miocene.^ 

It usually occurs in fissures and veins, mixed with or 
^impregnating^ a large amount of extraneous mineral 
matter — such as sands and clays, or the pulverized rock- 
such as that derived from sandstones <^and shales — filling 
dislocation-fissures (“fault-rock '"). When thus intprm^xed 
with a sid)stantial amount of extraneous mineral ma^tter, 
the material is knowp as “Ibp."' The ozokerite can be 
reatLily separated from such material by means of ex- 
traction with hot water. The mode of occurrence in 
the* island of Tcheleken — as infilling the fault-fissures 
and impregnating the “'fault-rock ” — has already been 
descrfljcd.'' ' 

* In some cases, however, it occurs fairly pure, ir the 
form oi minute veins or streaks, of a yellowish or yellowish- 
brown colour, in^'clays, and^ often following the small slip- 



DIRECT INDICATIOffS OF PETROLEUM. 


197 


, planes and cracks, sometimes thus forms a kind 001 
network; while the surrounding clays are frequently 
impregnated to a considerable extent — ^from which the 
ozokerite can be extracted by means of hot wsMber. In this 
manner it occurs in Galicia, where the associated strata 
and impregnated clays Tiave beeh subjected to much 
disturbance, and the Ijitter have become much fissured 
and cracked. Occasionally^ aggregations of tfic more or 
less ptJre substance are found, which have sometimes been 
separated out from the impregnated material and re- 
deposited in a purer condition by means of hot springs 
• (as, e.gr., in Tcheleken). 

In regions where a paraffinaceoqj; j^etroleum occurs 
near the surface, small pieces or pellets of ozokerite, 
usually of a brown or dark-brown colour, are often to be* 
foupd on the surface, or in the .soil, thus affording anij 
important indication — such being ])articularJy manifest 
in arid countries with the suiface barren of vegetation. 
Where, however, ta paraffinaceous petroleum occurs in 
the deeper horizons only, as is the case in some fields, 
^ozokerite is not ^hus found at the surface. 

The more important known deposits of ozokerite^ ar® 
those discovered in the Caipathiars and Russia ; of 
these the most commercially im])ortant are those worked 
in pallia (Boryslaw, etc.) and in the island of Tcheleken. 
In the United States, deposits are found in Utah and 
Arizona. These all, for the*greater part, belong to forma- 
tions of Miocene age. 

The principal uses of ozokerite, or “ ([leresin ” — as the 
refined substance is terAied — are for the manufac;furc 
of candles, coloured pencils, oi»lments and other medical 
purpoSes ; while the prodqpt of “ okonite large 

use • as an insulator — particularly in connection w'^h 
^al^les, and '' heel-ball "" is another pl-odhct minu^actureef 
from it. 
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"iZietrisikite” named after Zietrisika, in Moldavia, 
where it is found, is a variety o*f ozokerite, but differs 
in being almost completely insoluble in ethe^r a^d in 
having a liigher fusing-point ; in*|, colour it is a deep 
red-brown. A similar substance is also found in Slanik, 
Moldavia. Nift-Gil is anotner species of ozokerite 
found in the island of Tcheleken, and similar or related 
to Zietrisikite, altjiough to 'a small extent solvble in 
'ether ; it is of a chocojatabrown colour. While another 
wax-like substance analagous to ozokerite, which has 
been termed “ Baikerite/’ is found in the neighbourhood 
of Lake Baikal (Siberia). 

Certain wax-like Jiydrocarbon substances, related to 
ozokerite, are found in beds of coal, lignite, and peat ; 
•among these r>ccurrences mention may be made of the 
,\^ollowing, that have received names. Hatchettite” 
which is named after C. Hatchett, a chemist, is a crystal- 
line wax which was originally found in a peat-bog on 
the borders of Loch Fync, Argyllshire, jind also occurring 
in the Coal-Measures near Mcrthyr-Tydvil, in Glamorgan. 
It is of a yellow colour and fuses in the neighbourhood of 

F. ; it is slightly soluble in ether and boiling alcohV)!, ' 
but more soluble in boiling ether. A similar species has 
also been recognized as occurring in th^ coal-beds of the 
Carboniferous at Rossitz in Moravia, where it is associated 
with another minercal which has been named “ Valaite,'' 
but this appears to be more «f the nature of a resinous 
substance. 

“ Scheererite (named after Capt. Scheerer) occurs 
in Tertiary bed o/ lignite edntaining trunks of pines 
and other trees, at Uzna^h, near St. Gallon, in Switzer- 
land. .It in a crystalline form, and of white,* grey, 
yellow, *and pale reddLsh colours, fuses hi about IJO"'- 
iio^' F.,*an(i is soiuble in ether and alcohol. 

^ IW I t 

Konlite (named after Herr Konlein) is another 
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variety found' in the brown coal in the same locality# as 
the preceding, while *also occurring associated with 

Fichtelite ” and fossil pines in peat in the Fichtelgebirge, 
near Redwitz (Norjbhern Bavaria), and differs irom Schecn- 
crite in undergoing transmutation by (listillation, while 
it is only slightly soluble in alcohdl, bnt»more soluble in 
ether, and is reddish-])rj)wn to yellow in colour, tlie fusing- 
point fiseing at al)out 114° P. 

F^hteMte/* which takes its^name fj‘om the Piclitelge- ' 
birge, where it is found, as above stated, in ])eat 
near Redwitz, in association with fossil pines, is 
•white and translucent,' is readily •soluble in ether, but 
less so in alcohol, and fuses at a l^w temiHirature. A 
similar variety has also been found in ])eat-mosses else- 
where, generally associated witli fossil j)i«es, including, 
sonje instances in Great Britain. Hartite ' is found in 
])rown coal or lignite, associated with fossiJ# ]uncs, at 
Oberhart, near Gloggnitz, which is not far from Vienna. 
It is similar to Eichtelite in appearance and solubility, 
but differs by its higher fusibility, melting at about 

Ixolyte” (from i£cjv, gluey, and Xvuv, dis.solve^ 
resembles the preceding variety, with wlifch it is associ- 
ated in the lignite at Oberhart, but differs in having a 
hi^her^fusing-point and a hyacinth-red colour (but when 
pulveidzed the colour becomes ochre-yellow or yellowish- 
brown). 

Dinite '' (named after Prof, /jini, by whom it was 
discovered) is found in a bed of lignite at Lunigiana, 
Tuscany (Italy), and ocAirs in crystals which are glear 
or translucent with a yellowish ‘coloration, and is fragile ; 
it is soluble in ether and slightly .so in alcohol. 

Ijastly, pure* native crystalline solid paraffin is sonje- 
•tin^es found occurring in cavities iA bftsaltic lafas ; as, 
for instance, near Patemo, in Sicily. 
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Geophysical methods ‘AS applied to 

OIL-FINDING. 

Bv M. MriiLHKitG, Ph.D. 

(Aaraii, Switzerland). 


The author wishes to record his oblij'ation to I’rof. J. Koeuigslicrper 
for ha 'dug kindly revised tliesc pagers. 


<Njnte\ts — Introduction — (1) Determination of the Distribution of Masses 
of Rocks of Unequal Gravity by Means of the Torsional Balance -Tlie 
Purpose of the Bolatiiig 'I’orsional Balance -Tlu* Prinypal features of 
the Apparatus and of the Method' - What can ho investigated hy this 
Means m*()d Vractice - 8ome ])etads concerning the Mode of iVo- 
cedure and the Operation of the In.struinent — The tleclvcr .Model — 
Instances of where the Torsional Balance has been a})])Iied"^ J)iscus.si(gi 
of the Siiecial Oases in Oil lTacti<*e. (2) Magnetic Surveying -The 
First Geophysical Means of Pro.'j[K*cting introduced in Mining-- Ose 
of the Sensitive Instruineny? in Practical Oil Geology, and Differentia- 
tion of the Bocks by means of their n spectivc Iron (’ontents- Magnetic 
Anomalies in American Oilfields - The ('oinponents of the MVnestrial 
Magnetic Force that should Ik* examined in the Vcirious Cases - Ex- 
amples of executed Magnetic purveys - Method oi Professor Ko(*nigs- 
berger in order to make Observations independent from the Time- 
variations of Terrestrial Magnetism -Magnetic Surveys cheajK'r and 
quicker than those Avith the Torsional B?ilance, whde ajiplicable in all 
kinds of country, although results generally more difficult to read--- 
Instruments for most Accufate Observations -(’o-o])cration of Gravi- 
metric with Magnetic Surveys. (3) fUectrical Methods- - DifTcrenfiation 
obtained when introducing an ElecCiTcal Currtnt into a Non-Homogen- 
eofls Subsoil --To find the Strike of Strata and of Faulf% and the 
Position and of Anticlllie.s— -Prolessoi* Schlumbcrgijr'.'^l^Mcthofl 

•of Eouipotential Curves, and the Method by Testing the Ek‘(itric 
^ Resistance — Instance of such a Survey •Accl^mplish^d-- -lilestrii tibiis 
to the Method and Corrections for Irregularities of the.Surfacjo — Far- 
ticulagn of the Method for de^rmining the’ Delimitation of Strata 
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<^iicath an Overburden — Determination of the Border-Line be- 
tween Oil and Water. (4) Prospecting' by Means of Seismic and 
Acoustic Waves — The Seismic Method of L. Mintrop — Its Uses and 
Mode of Operation — Development of Acoustic Methods.* (5) •Deter- 
mination of^ Underground Temperatures— he Small Rate of Increase 
of Depth per L'nit of 'reinf)erature in Oil- welK as a Criterion for the 
Prospects of finding (^il— The Various Circumstances influencing the 
Oeothcrmal Gradient — IX.rton’s “ OAitherinal Data of the l'n\ted 
States ” -When and where Measurements should be made — Observa- 
tions in other Respects. (0) Other Investigations and Tests — Deter- 
minations'of Radio-activity and Detection of Faults and OilVj<^aring 
Strata — (Collecting aAd 'Festing the Smallest Traces of Gas-Exami- 
nation of Waters for du^cermng various Water-horizons — testing 
Damaged Packings in WY*lla by jiouring in Solutions of readily dis- 
cernible Subsfances- -List of GeopM^sienJ Ijiteraturc. 


fntroduction. 

t 

The geophysical methods have been introduced into oil- 
practice as fwi additional means of investigation to 
jjeological prospecting— namely, in such cases where, 
owing to «jn overburden concealing the features con- 
cerned, the usual geological researches cannot secure 
sufficient evidence. It is the tectoinc circumstances 

I 

favourable to the storage of oil that most of the methods 
arc intended to ascertain, although a few of them aim at 
testing the presence of oil or its distribution on the basis 
of its physicaf propoities. Like geological surveying, 
geophysical prospecting is suited to the elucidation of 
whole tracts of land, unlike, e.{/., that by test-borings, 
which merely clear up particular spots. 

The methods are founded on* the variability in distribu- 
tion among the rocks ,.of certain physical properties— as 
the specific gravity, the magnetic and the electrical 
properties, the elasticity, the t^perature, and also the 
radio-activity. Except iii»the case of the latter, these 
prope^tdbs have an action, aijd can be tested or Uscer- 
tai/ied fit a distance, so that, as far as the main methods 
are conf*^prn‘ed, tRe observations can be taken at ^hp- « 
surface of fhe Earth. 
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A few other means of investigation in oil-practice are 
mentioned for the sake of completeness in this matter. 

1 . Determinfttion of the Distribution tif Masses of Rocks of 
Unequal Gravity by means of /he Torsional Balance. 

The rotating torsional balance,, of the model of the 
Hungarian*' physicift, R. v. Eotvos, who founds new 
’principle by starting ivom the ideas, inventionaii; and 
implements of Isaac Newton, John Mitchell, and Henry 
Cavendish, is an instrument of great sensibility to the 
variations of gravitation, and is used to ascertain and 
to determine the disposition of unequal distribution of 
gravity in the crust of the Earth. 

The balancf!-arm is suspended from the torsion-head 
>of the instrument by means of a long and very fine vdre 
of platino-iridium ; at one end of the balance-arm one 
of the weights is suspended by a long wire, so that it 
swings about 50 cm. below the balanae-arm. AA^henjver 
the force of gravity is unequally distributed in the neigh- 
bourhood of the torsional balance, the wiglit which is^ 
hanging lower will be- deflected into the direction of the 
greater gravity ; the balance-arm will rotate with its 
suspension-wire. Eotvos has combined two balances, 
in opposite disposition side by side, in one double ^appar- 
atus, which arrangement allows of executing at once 
two determinations in opx>oshje directions. In order to 
determine the positioji of the heavier, and also of the 
lighter mass, and to measure the amount of the variation 
of Sit traction in a station, the 'whole double-instrument 
must be brought into tli^’ec different positions of the 
compg^KSi by., rotation around tjic axis, and in each pbsition 
tlv^ eventual difference between the rotation oft the 
mstnimVnt'and the ‘actual rotation of the balance-qrm, 
is determined by observation of a scale. 



APPENDIX. 


205 



After a sketch by Prof. Eotvos for explaiciing the principles (showing 
only 0ne balance;. 

c, 'rhrcefolcL aluminium-casing of the instrument. 

/, Torsion-head, to which the system is j)crinanently adjusted. 
u\ Wire of platino-iridium. f 
I, Balance-arm. 

Wj and rwg, The two weights. 

M, Mirror, fastened to the balance-arm, which reflects Ihe settle. 

s, Scale, wher§by the oscillations of the mirrr^r are reafl. 

T, Telescope. 

fjf Arre.sting device. ^ 

• »*, Revoiving device for the w'liolc apparatu?-. 

T^ Tripod of the apparatus. 
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The variation in gravity is exjgressed in absolute units 
C.G.S/" — i.e., the unit of centimetie-gram<second {Dyne), 
The model of Prof. Hecker (see^ Fig. 20), which is of 
particular vUlue for practical purposes, shows an accuracy 
of 6 X 10"® C.G.S. i)er 1 mip. division of the scale 
calculated for k distance of 50 cm. from the scMe ; 

1 X 10"® can easily be attained. « 

Stnall masses which are dear by have the sn-me in- 
fluence as large ones at a distance. Isolated roc^s and 
aggregates ot shifted rocks lying near or contained within 
fine material, as may occur with glacial deposits, will 
have a disturbing influence if they are situated near the ' 
observation-station. By using double or treble positions 
at distances of .‘10 to 60 feet, the question can be solved 
•'whether the •Variations of attraction are due to large 
‘masses at a distance* or to small inclusions near. by. 
Therefore, ••in order to save time, it is advantageous 
to operate with two double-balance apparatus at the 
same time., « 

The flatter the surface of the soil the better. Up to 
the present date the rule has been that measurements, 
^vith the torsional balance were only quite satisfactory 
in flat country, and that only small unevenness of the 
surface could be corrected by calculation, so that surveys 
in tracts of lands with inclinations of over 5° w^fre pot 
accurate or might even give rise to wrong conceptions. 
These difficulties havq now bben overcome by Professor 
Kcenigsberger. Measurements at Andermatt, in the 
Swiss Alps, where tjjie thickness of the gravel deposits 
filling the valley has been ascertained, and in the Black 
Forest where the depth* of the Lake Titisee has been 
tested ‘’havo proved that thq torsional balance can also 
Jbe made use of among mountains. 

Thfe aistance frorn one station to the other must be 
chosen according %o the probable dimension and position 
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Fig. 29. — ^T||je Hec'K(*r-Mo(l(lt.»i ihc Toi.^iiMi#*! Balanco. 

(Showing the complete double-apjwiratus.) « 

• ® 

*On*the eight side is seen tiie arrangemont for the jihotographic r^giiAratioii. 
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dis^burbance. It is a peculiarity that sinking temperatures 
cause less disturbance than risifig ones. The measure- 
ments, therefore, formerly used to be made delusively 
or mainly night-time. .The Hecfijer ^model of torsional 
})alances, in its newest form, is adapted for use in day- 
time. Once pr((kparcd,«the wholfi operation can be carried 
out automatically. The registration of the positions of 
the* balanfce-beam^ in the different azimuthal y^’isitions 
of the instrument is (\onQ photographically. The/jnodel 
mentioned, however, allows visual readings also to l)e 
taken. Owing to the automatic registration one man 
can at the sanie time, take charge of more than one ap- . 
])aratus, whereby time and salaries can be saved l^y 
using two or three instmments. 

One statio^u requires, according to tiie accuracy in- 
tended, from 3 to G hours. 

While ti'e first model of the Eotvds balance and other 
large ones require a cart for transport, or, for short 
distances, two men, the new small, model mentioned 
above is — although being of equal sensibility —of such 
light weight that it can easily be carrfed by one mail 
J[Fig, 29). 

The importftiice of the torsional balance as a means of 
prospecting for oil and gas deposits was fii’st found out 
in Hungary. The Hungarian geologist. Prof .H. von Bockh, 
has shown that the anomalies of gravity along the Maros 
River in Transylvania, meatvired by Pekar and Fekete 
under the supervision of Edtvcis in 1912, arc to be ex- 
])lained hy salt-domes. Upon these salt-domes prolific 
deposits of gas are fdund. 

Later, H. v. Bockh liqd the surroundings of Egbcll, 
in tlie* March plain, in Hungary (now Gbley, forming 
a part "of the Czecho- Slovakian State), \)xamined ,w’ith 
"Ti le toivional balance. This oilfield is situated in slightly 
folded strata oh the Upper Tertiary, whieJh — as t lie 
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Fij;. .Vf).— (^icological and Gravitomntrical Map of the Knvirons of Gbcly 
(Egbell), in the plain of the Morva (Gzpcho-Slovakia). 

After JJ. von Bdekht 
1 inch = alKiiit 4 English /niles. 

1 (blank) = Pontian, 2 (diagor^l hatching) r= Sarmatian, 3 (vertical 
hatching) = Mediterranean deposits. 

5® = strike and dip of strata. -6-170,^ altitudes in metres above sea. 
Icv'e! Th<i curves are the Isogams — lines of equal gravity. 

The centre of the |}ilfield, which w#uld niake only a small* spoj cii this 
‘map, is^situated immediately to the north of the intersection of the diagonal 

(* — ) line with the railway- track, in an aiea urhere a*max 4 inuin o* 

grtivity has been ascertained. ‘ 
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ai^hor would assume — unconformably overlap risings of 
older Tertiary strata, which are of higher specific gravity * 
and more dislocated. The oilfield exists in the deter- 
mined area^of maximum-gravity. ‘ 

Subsequently, the use of the torsional balance has been 
introduced intp Germany, Artitria, Roumania, Egypt, 
Canada, Texas, and other countries. Besides its use in 
prospecting for oil, it is alsp applied to other ji^’&ctical 
purposes. Several oil qpmpanies have engineej^ and 
geologists sjiecially trained for this work. 

The special cases in oil-practice are : — 

Ordinary anticlines and domes. In many cases there 
will exist a difference of gravity between the inner and 
outer strata of a^fold. This will apply to folds with 
such younger strata as are less consolidated than 
the older ones in the core. The central part of the anti- 
cline will^then be discernible as having the maximum 
of gravity. Gbley (mentioned above) is an example 
thereof. 

Oilfields* above “ buried hills.'’ R. l^owcrs recommends 
in Economic Geology, 1922, measurements with the 
^torsional balance and scismometric observations as. the 
best means for finding the “ buried hills,'’ which are of 
such importance in the American Mid Continent. 

Plutonic intrusive masses in the form of laccoliths, 
dykes, etc., with which, e.r/., in Mexico, oil is oftcli aiv*ioci- 
ated, will easily be traced wiyth the torsional balance. 

Large lenses of oil-*sand between clays are determinable 
on account of the higher specific gravity of the sand. ‘ 
Salt-domes belong to the geological tyjje of deposits 
wfiich are easily determined with the torsional balance, on 
account of the comparatively great difference of^ density 
bet^etn salt and surroundiilg rocks, as wiell .as on account 
•^)f thejir characterijstic form they have a minimum df 
density. » 
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Pig. 31. — yniversal jSlagnetic Variometer. 

lnyii iiin(‘Mt of lufilR'st oncnsibility, iwod mainly for the determination 
of Ihe \ iiri.'itioiis of the drcluiation ana of the h(»ri 7 ,ontal intemsitv of ter- 
restrial magnetism, while it c'aft^also serv<‘ for deteniiining the variations 
of the vertu-al inteii'.it s, whii h is ivipnivd when kn ating iho dej>th of the 
borde^'^]>lanc« between ^magnetiealJy thtVereiit masses. 

The 1^)111 pass-needle is suspended on a thin w i^e o plat mo-iridium. 
The readmg'-.are etTij\ tetl^wilh a tele.seope. mirror, and ser.h'. The .lighting 
IS done lith a telesi'ojie. *■ 

The detletding mam et.s. that are iieees'.arv to eompensate the horizontal 
component ot the terrestrial iiiagjetie torc-e, are eoi tained* in the light- 
coloured a^um^nillm bu'v — ap]H'arijig in the lower fiart* of the instrument 
in the figure- whieh ean he nio\ed,al;)ng ami .iround the vertieal axi.s of 
the instrument. 
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The position and the inclination of monoclines- f;an 
be^determined on the sAme assumptions as anticlines. 

Thg fagt that faults can be located by the .torsional 
l)alance, if the sjra^ displaced have diffetent specific 
gravities, has been proved very distinctly by the surveys 
of Prof. R. Schumann in®the Vienna Baski. 

2. Magnetfc Surveying. 

The magnetic i)roperties ot minerals and rocks were 
the first to be the object for the application of physical 
m€>ans of jirospecting in practical geology. For decades 
iron ores (magnetite) were prospe^jitcd by means of 
magnetic instruments, especially in Sweden, where 
these methods originated. Most sensitive^ instruments, 
such as have been perfected in tjie last few years, can 
also be of use in practical oil-geology. 

The magnetic method is adaptable to many geological 
conditions, for wljLch the torsional balance can also be 
used. Its use is founded on the fact that *most rocks 
contain iroA cotnpounds, and that, on the other hand, 
*they are sufficiently differentiated in relation to theiik 
iron contents. 

The difference ^ of orjjlinary sedimentary strata, as 
compared with rock salt, which is free of iron and is 
diafhag^netic, is appreciable to sensitive instruments. 
Basaltic dykes and laccolitjis of diorite are quite notice- 
able. Diorite will almost invariably have definitely 
stronger magnetic properties than sediments, such as 
clay, limestone, etc., on account of llie finely distributed 
magnetite that it contains. 

G. R Becker has called attention to the fact that oil- 
fieldg in the U.8.A., especially in the Aiipalachian distriej), 
!are characterized by mag(^etic anomalies of the declina- 
tion. More often than is known, . anticlines may be 
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coillriected in some countries with magmatic intrusions , 
which would be magnetically noticeable. 

Magnetic prospecting can be directed to th^ amoun^ 
of the horizontal and the vertical cQmponents of the 
magnetic field of the Earth, measured absolutely or 
relatively, as Well as^to the angles of declination and 
inclination. For the complete ^determination of the 
terrestrial magnetj#^ force three of these elements must 
be known — viz., vertical intensity, horizontal intensity, 
and declination — which together give the additional 
force to the force of the Earthfield, lying in the strongly 
magnetic masses. For practical purposes, however, • 
generally one or ^,wo elements are sufficient. Which 
of the two components of intensity should be chosen, 
depends on 9 the ratio of surface-development to the 
situation in depth, and also on the vertical dimensions of 
the objech in view, which differs magnetically from its 
surroundings. 

The anomaly of the vertical component has its main 
development practically in the middle of the masses of 
magnetic differentiation, while the anomaly of the 
•horizontal component is mapped as a broad boi'der 
around them The disturbances of the horizontal in- 
tensity and the declination , are upticeable over *a 
larger area in the case of narrow objects ; there- 
fore, the determination of the horizontal intensify^ is 
advisable in this instance. ^ 

The field of salt-deposits in S.W\ Mecklenburg (North 
Germany) was surveyed in 1920 by F. Schuh, with the 
fieH-balance of A. Sjehmidt, In relation to the vertical 
intensity ; tliis instruifv^nt, which is a considerably 
more -^(rccurate form of the “ dip-needle ” used iit North 
America, measures the relative amount of the vertical 
magnef jc comp6nerit. Another salt-line in North ^Ge^- 
many was successfully prospected with a' horizontal 
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variometer. ‘ The relat^e surveys are done in less Cime 
than the absolute ones. 





Fig.Nj3.— Map showing the Lines of Equal Vertical Magnetic Intensity 
in the Area of the Salt-Deposits of South-western Mecklenburg. 
Determinations t>y Dr. Fr.^Schnh, 1920. 


The difference between the lines of equal intensity is 10 H (1 H = 0*00001 
C.G.S.). 

The darker tinted the areas (being also small Values of magnetic intensity), 
the nearer to the surface are the gypsum and salt-deposits of the ^line 
domes. The closer the lines the steeper«Sro the slopes of the saline domes. 

o J, etc. ~ bore-holes. 

Scale, I inch ~ miles. 

• 

All absolute and relative methods hsed up Jo date** 
have the.drawback that the time-variaPtions of terrestrial 
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magnetism make themselves ful^y felt, and, therefore, 
necessitate corrections based on the curves obtaiiBd 
from magnetic observatories* T|jese curves, •ho’^fever^ 
are not delivered daily, and at a grejtffcer distance from 
the observatory the actual timc^ variations do not agree 
with those registered at the observatories ; over v^de 
regions thcjre are no obsfervatories«at all. Prof. Kcrtoigs- 
^ berger has, therefoife, worked out a method whiclf makes 
the measurement of *the* magnetic components * inde- 
pendent of time ; t the measurement of the relative 
declination now can be executed independently of the 
weather, and in an exdct manner in any region. 

The magnetic surreys require much less time and cost 
than tliose of the torsional balance, while they are applic- 
^ible in hilly Country, on soft, swampy ground, on water, 
'and in dense woods Their results, however, arc generally 
more difficult to read than those of the torsional balance. 
With the most exact horizontal variometers one station 
requires 15, to 20 minutes for putting up the instru- 
ment and taking the readings, with very c,xact vario- 
meters 10 minutes. 

In conjunction with the gravitomctric surveys. Professor 
Ebtvos always made also magnetic surveys, and found, 
that they give a good control ^or eacdi other and cor- 
roborate results. In new regions of wide extent ♦ it ^ill 
be advisable first to prospect magnetically on a large 
scale, and, if anomalif^s appe^ar, afterwards to examine 
the interesting places more closely with the torsional 
balance. 

f- 

* /.f*., if very exact observations! are required. 

t Tliis is a simple method of observation, operating two similar instru- 
ments aU the same time. ** 
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3. Elactrical Methods. 

• Differeittiation obtained when introducing anr Electric 
Current into a NoA-Hhmogeneous Subsoil. — l^dor favour- 
able circumstances the ^strike of strata and of faults 
can be determined through an overburden concealing 
them* means of electrical ]>ro*specting, wliiali was^first 
dcvelojted by Prof. kSchlumterger for^)rc-pr()S])ecting. Jt 
may even be occasionally possible^ by such means to find 
out Jhe position and form of anticlines. ITiic jxissibility 
principally depends on the unequal distribution, in the 
* subsoil, of the humit*’ly, which is Electrically conductive. 
Water generally collects along the joints of the strata, 
and often follows faults, while differently distributed 
in rocks of different porosity. Conseqiientfy tlie electric* 
conductivity is greater in a direction ])arallel to thi^ 
stratification than across it. To determine this dis- 
tribution the equipotential curves (or in some cascvs 
the variations of •the electric resistance) of. an electrics 
field which, is brought to the place ])n)spected can be 
•triced and mapped. The electric cnrn'iit m^cessary 
for this is conducted to the soil by mct^is of ])rilnai*j^ 
electrodes, which arc far apart from each other (as far 
as a mile), and 1?1> whic^i the current is l^rought by in- 
sulted wires. While in homogeneous soil a distinctly 
symmetrical field of equipotential curves is obtained, this 
is deformed and rendered VnsyniMietrical by inequality 
of* conductivity. The curves adap^ themselves more or 
less to the strike of the stj*atificatiop or to a fault. 

The electric current used ipay be direct, or, better 
still, sjn alternating current. Ti^he current can be taken 
off a small generator of high frequeney, specially Vianu- 
^ facttired, which is worked by hand or by a gmall j)etfol 5 ; 
\notor. One man is quit^ able to carry all the \)arts of 
the outfit for using this metVod. * 
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The primary electrodes can be point-electiodes (Schlum- 
berger) or line-electrodes (Lundbefg-Nathorst). 

The equipotential curves can best be deteijnin^ bjr 
using a telephone connected to theV^cpndary electrodes, 
and equipped with an intensifying apparatus. 

The machine •and tke rest of* the outfit, such as »<)ld 
by the several firms, must be tuned with each other to 
give^the b&t resultij^ 

One of the secondary; electrodes remains in place* while 
the operator^ seeks, by means of the other secondaiy 
electrode, those places which show the same potehtial 
as the first one. In #all such places the sound in the 
telephone, otherwise^ constantly heard, disappears. 

An equipotential curve can be followed for a length of 
^0 feet in onp hour in distances of 30 feet. Thus several 
lines are examined. In a month it is possible to survey 
up to about 10 English square miles. This depends, of 
course, on the accessibility of the surface. According to 
the latter and to the nature of the soiUthe method must 
be modified "in details. 

The steeper the incline of the strata ancl the less over- ^ 
burdpn there is, the more obvious the results will be. 
Prof. C. Schluinberger has observed, by this means, in 
Normandy the strike of steeply ificlined. Palaeozoic strata 
under an overburden of flat Jurassic formation of 200 to 
300 feet in thickness. The usefulness of the method also 
depends, of course, on the humidity. The overburden 
should preferably consist of equally mixed and slightly 
humid material without horizontal alternation of parts 
with different humidity. Completely dry countries (desei*t) 
present great difficulties. Rugged country necessitates 
corrections. Complications of this nature can* bb cor- 
rected" by using the modelling method — c.y!, that adopted 
by the ^wedish scierri-ists Bergs/-rbm and Bergholm, , 

The outcrops and ' delimitations of strata of ^unequal 
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conductivity, for instance (to quote Prof. J. Kcjfligs- 
biprger), of an incliiftd oil-sand, situated beneath an 
ovejjburcjpn, reveal themselves by the strong c^lternation 
of the cquipoteijtia^^curves, or even better#in the varia- 
tions of the electric resistance. The accuracy with 
which the local positicfn of such a border line can l)e . 
determined is about ^proportional to the depth of the 
outci^ of the strata — the det^^rmination would be 
possible, under an overburd^pn feet thick, with ar/ 
accuracy within 20 to 60 feet in a horizynlal direction 
|icrbns the line of strike. 

Should the position of a giv/)n stratum be known 
exactly at a certain point, then it.^ continiiation, in the 
direction which has been determined geophysically, is 
thereby more exactly localized. 

The outcrop of an oil-deposit .which has already 
found by boring can often be determined by this method. 

A further problem that can bo solved, under favourable 
conditions, by mpans of electrical methods, is the deter- ' 
mination of the border-line, u ithin an oil-liorizon, between 
the oil and the surrounding water. Tlie^ oil-horizon 
Sbneerned must not be superimposed eitluu’ by apotlp^r 
f)il-bed or by water. 

4. •Prospecting by Means of Seismic and Acoustic 
Waves. 

The method of seismic waves^ as developed by L. 
Mintrop, makes use of the variation in the elastic pro- 
perties of different rocics. The * transmissive vclpcity 
for seismic (as also acoustic) jtaves is different in various 
media-«.g'., loose sands or clays would transmit such 
w^a^ves much more slowly ftian solid rocks. It iS possible 
, to^ calculate Tairly well •the positii^n •and clepUi of thb 
border-planes between two masses M rocks which are 
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elastically differentiated by means^of the seismic waves 
produced by violent explosions. The times of arrivtfl 
are recorded seismographically. In pil-geology rtie iftain • 
objects for such methods have been iftilt^omes. 

Su])posing a deposit of less dc^nsity were lying flatly 
(or in a shallow depression) on the top of rocks of grejiter 
density, thon the seisiniC or acoustic weaves produced 
at a place on the ^surface will be transmitted •along 
different i)aths — viz., (1^ tffrough the air, (2) along the 
surface through the looser de])Osit, (3) along the limits 
of the latter against the denser rock, from which deflected’ 
waves also originate and can be recorded, and (4) through 
the deeper rocks -although these are difficult of observa- 
tion. The waves run most rapidly through the latter, 
^d most slov*ly through the air ; the surface-wave i'^ 
\^eak : the route through the border-plane of the under- 
lying strata, and from it to the surface, is the longest. 
If. however, the distance of the receiving station is 
, chosen far enough from the sending •one, the waves 
running along the underlying strata wjll j*each the 
receiving station f^r^t. The greater the distance alone 
v'liich this ratip prevails, the thicker the lot)ser up])er 
layer will prove to be. 

In the ease of a convex salt-doifle the \taves originating 
from its upper limiting suiiace will be recorded. 

Along the section to be investigated a series of re- 
ceivers (Ik'iidulum-seismographs) are ])ut up ; the experi- 
ment is repeated along a number of sections. The 
method, therefore, is ^'xpensive^; however, it gives an 
im\)ol*tant supplement to the results obtained by the 
means formerly mentioned* and it can, in favourable 
. cases, gi> 5 e results djwfi to 2,5()0 feet. TIiq metHod fails 
ip t*he case of steejg^ly inclined strata. 

The methods usinjj acoustic wtives are being developt‘d ’ 
for different special cases of tectonic geology. 
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5 . Determination of Underground Temperatures. 

Mflny years ago experience established the -fact that 
oil-deposits commonly show a coinparativeTy high tem- 
perature. Many obsenrations of temperatures taken 
in ^he depth of bore-holes or of tfie fluids flowing out of 
therii show a comj3{M:ative!y tapid increast^ according 
to depth, thus a small geothermat gradient — ?.e., the 
rate of increase of depth per^init of temperature. This 
fact can be used as a criterion of the prospects of finding 
lil in a bore-hole in operation. The determinations 
must, however, be ^^adc carefully and amply, and the 
results valued with due consideration of all influencing 
circumstances. 

Many data of temperature measurement^! in or at bore-^ 
holes and mines are not reliable as being the real ' 

temperature at the particular spot. Concerning oil- 
borings, e.g,f it can happen that gas lowers the true 
temj)erature in Consequence of the cooling action of 
dilatation;, tojo low a reading will also be obtained 
,ffom determinations of temperature taken instead of at 
depth in a flow of water at the top of^the bore-holP, 
.when the water was subject to cooling during its ascension. 
A large number* of sulficiently reliable data, however, 
hajjjre been published, from various descriptions of geo- 
logicar situations, which show that the geothermal 
gradient may differ in different places, as well as vary 
with the depth in the same locality. The reasons 
are manifold — increase of temperature by neovolcanic 
influences, by ascending hot water, by chemical nieta- 
moiphosis of minerals such As coal, oil, sulphides, an- 
hydrite ^assiijg into gypsum, aifd /joolness ^i^duced 
byiarge rivers, lakes, or the sea, as also infiltrations 'of 
■ •w'a^er. 

The uj^equal thermal conductivity of the rocKs is also 
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detteninative. Tho amount of dip in the case ot ordinary 
^sedimentary strata is of less coifsequence than in tjje 
case of dy^amo-metamorphic schistose rocks. Tt^e satura-^ 
tion of the r®cks with water or oil, qf. course, also affects 
the geothermal gradient. As well as the more local 
variations, there would appareifcly also be those ofr a 
regional nature. About .60 feet fqr 1° F. is considered 
as ab normal geothermal gradient — i.e., in absejpfbo of 
•local cooling or heating, mfiuences and in rocks of mean 
thermal condyctivity. However, a critical selection of 
15 oil-borings of more than 1,000 feet depth from Dartbii>i 
“Geothermal Data of .the United States'" results, for 
instance, in a mean q,f about 41 feet for 1° F., in respect 
of those places and depths tested. 

t In order to^ ensure practical advantage in each case 
the determinations of temperatures, it is generally 
not sufficient to undertake merely one observation at 
the depth casually reached when a decision as to the 
continuation of the bore-hole has to hft taken. On the 
contrary, it is necessary to take observations, while 
sinking the well, systematically at intervals of, say, 
2^)0 to 300 feet, or rather, whenever another group ’of 
strata showing different litliological characters, or a 
water- or oil-bearing bed is reacl^ied, Fv»r it is not simply 
a question of the mean geothermal gradient, but ec{ually 
that of the values obtained for the single subdivisions, 
of the details of the tempera*ure-curve, or of the geo- 
thermal-geological diagram. Thus a geothermal gradient 
which in its total is low need not, for instance, necessarily 
mea^i a heat-producing deposit — e.gr., an oil-deposit 
subjacent to the position*,of measurement. Such may 
also have been eaused by a heat-producing strrJtflm at 
a highe/ horizon. The less a region has already b|*en 
thermal elucidafted, the mono desirable are frequent, 
temperature measul’emcnts. ^he trifling cost and trouble 
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should not be avoided to procure data allowing, in*fase 
o^need, conclusions of*practical use to be drawn. Syste- 
^latic teTjiperature measurements ought to-day to be 
included in the procedure of deep sinking.* It may be 
mentioned that they can also be used to determine 
whether a flow of watef in a boring originates in a new • 
horizon or descends frgm a former water-bearijig stratum, 
the wSter having broken in^gain. M^^reover, temperature- 
measurements repeated from^time to time in producing* 
vrells will sometimes furnish other usefid information 

tb the conditions obtaining in the reservoirs. 

6. Other Investigations Aid Tests. 

Determination of radio-activity can projtre boundaries 
of rocks, faults, as well as oil-bearing beds, either on 'the ^ 
surface or in borings. Effects from a distjfnce, say of 
more than 2 feet, are excluded in this method. The 
radio-activity of «)me rocks shows considerable differences^ 
and, owin g t o their radio-active substances being also 
contained in the weathered parts, the subjacent fresh 
rSeks can be discerned by determining the radio-activity 
of their weathered superficial crust. In oil-practice, 
however, the method ijiay seldom be required for srftjh 
a pur])ose. But the circumstance that radio-active 
suBstaflices often accumulate on faults can be used for 
their discovery in boring#. It >jill be further possible 

to make use of the fact that oil is connected with 

• • 

particularly rich absorj)tion of radio-active emana- 
tions. 

In such oil-fields, where it is important to discern 
faults 99 where it may hwpen that ^oil-beds hftve been 
pagsed in dr3ling, the w(3l-samples should alsb^e ex- 
.ai:gined respecting their relative* radio-activity. In 
bore-holes — where they are not? •cased — radio-active 
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em^snation can also be collected with the* apparatus 
mentioned below. ^ 

Determination of Gas. — It may sometimes be^ vali],able 
to investigate a bore-hole for thcf^ occurrence of even^ 
minute quantities of gas. Prof. Koenigsberger has 
constructed an apparatus whereby gases from any part 
of a bore-hole can be collected, sealed, and hauled ui), 
so th -t they can be tested on the surface. 

* Examination of Water,— It is often a disputed matter 
whether a flow of water in a well originates from a new 
stratum, or rather from one penetrated higher up, th^ 
water having broken in again after having been arti- 
ficially stopped. Oil-men are aware of the coslh with 
which such cases may ])e connected. Pnder such cir- 
cumstances the waters tapped should be examined and 
*si^jcples kei)t.' Or the facts may be elucidated by }>ouring 
colouring, ar other easily discernible matter, behind the 
casing that is shutting off the upper water-bed — at 
least if the packing is sufficiently damaged so as to let 
the testing solution pas.i. While this may also be found 
out by means of electrical methods. 
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ADDENDA TO APPEI^DIX. 

Magnetic Methods. — With reference to the determinatiou 
of the vertical magnetic intensity, there is now another 
iiistrument for the relative measurement of such, which 
has been recently devised and o^ierated by Prof. J. 
KOenigsberger. 

Electrical Methods. — In connection with the determin- 
ation of the equipotcntial lines (sec p. 216), there should 
be added (after the second i)an\graph on p. 216), ‘‘When 
working at great distances from the primary electrodes, 
it is recommend able to use also a method tracing the 
lines of the electric current.” 

With reference to Acoiistic Methods (p. 218), the 
methods using acoustic, waves, such as have beoHiule vised 
by sever&l investigators, so far serve more' especially for 
firbsgpectmg ores f nc^ salt-domes ; further developments 
and a wider applicavicn for them are to be expected. 
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I Alaskan Peninsula, 70 
Albania. 71, 72 

Albcitu, 14 15, 60, 69, 71, 96, 97, 
102, 151 

Northern 97 

— Southern 102 

- Western, (>9. 

AllKit toil, 191 

Allx*rt Ciniiit^, New lliimswick, 180. 
AlbeJtltf^ 6, 2(>, 4S, 49, 1.5,5, 177, 
178, 180, 182, 183, 191, c/ sev , 
193 

shales, 48, 19. 

Albeit Mines, New Brunswick, 191. 
Albian. 77. 

Alcohol (as a sohent), 179, 106, 108, 
199. 

Algsc (niillipores), .33, 63, 73. 

I ongin from, 23 24, 25 20* ,3,5. 

, 35. 4.3, et ^eq. 

I — and pctioliterous strata, 2.5-2o, 

! 33, 63. 73. 

I Algeria, 67, /I, 72, 113. 

' aromatic compounds in 

pet' ole Am, 43. 

Alsace, 70, '’1, 14.3, 145 ^ 

^Alps, I'he, 112, Apixindix, 200. 

15 
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AluFnnium salts, 37. Aptian, 77. 

Amber, 178. Aquitanian, 63, G4, 65, 68, 71, 73, 

Ambdriou, 70. 76. “ 

•Ambrite, 178. Arabia, 65. 

America, North, 50, 56, 61, 66, 73, Arabian Desert, 186. 

81, 86, 9^, 110, 111, 142-143, Arakan ('gast, Burma, 167. 
144,145,151 AralSoa, 13. ’ 

South, 14, 70, 71, 72. 73, 185. Archtean, 78. 

Ampthill Clays, 22. i. « I ‘ifocks, bitumen and graphite^ in, 

Andermatt, Ap})endix, 200. I J44. 

Anaerobic bacteria, 33. • Areiiaoe'.>us strata, 75-76, 150. 

(Ajnditions and origin4t33, 55. -t- reservoirs, 136, et fteq., 144. 

^ Angara Kivor (Siberia), 67. Arenigian, 78. ^ 

* Angola (Portuguese West AfricA), 65, Argentina, 14, 70, 71, 73. 

72, 192. ^ Argillaceous strata, predominance 

Animal, marine, origin, 26, ft seq., of, 75. 

52, 56. Argyllshire, 198. 

origin, 23, ft seq. , Arizona, 197. 

remains, production of hydro- Arkansas, 70, 194 {see also Mid- 

carbons from, 23. t' eonlinenf ” fields). 

Annam, 63, 71. ' Armenia, 71. 

Anthracite, 173, 178. I Arnold, U., 34. 

^Anticlinal double fold, 112. I Aromatic series, 42-43. 

* folds, Hlh 100, 101, et sej. Arre.sted anticlines, 95. 

— ■ sinking of, 1(16, et Arteaian ]>ressure, 81 (see Hydraulic). 

* seq. Arlin^kiau, 78. 

— hill, 101, 102. Asia, Central, 71. 

valley, 102. Northern, 67. 

Antic line.s, 83, UK), 101, ef s&/. Asinari Lime‘s one, 31. 

- — “ a|K‘x locus of, 105-106. Asphalt, 5-6, 8, 90, 149, 153, 15.7, 

“ arrested," 9.7. i 1.77, 11)9, 171, 172, I7l, 

--determination of. Appendix,! 175, 176, 177, 178. 

207,210,211,215. I- --accumulations .sealed up ^y ' 

iiiHueiice of ftvdts on, 88. I depo,sits of, 91, 146, 149. 

topographical, 101, 102. , — definition of the term. 5, 

—i— uplifted or op(‘n, 109-110. 172. ' 

Antielinoria, 112-113. I ^•deposits 'of, 149, 1.7.7. 1.77, 1, 78- 

Ant igua, 120. I 1.79. 

Antlers (Oklahoma), 189. i fusini?-point of, 5, 7, 172. < 

Appalachian fields and region, 50, 59, various uses of the tenn, 5, 171, 

62, 66, 69, 70, 81, 85, - 172. 

86, 94, 96, 115, 122, 129, Asphaltene, 179, 180. 

130, 136, 137, Kl, 14:i, A.sphaltic class, 169. 

141, 149, 1.72, 1.76, 165; earth, 171. 


Ayipendix, 211. t 

— and “ hydraulic " hvpo- 

the*!is. 129 130. ‘ r 

-^>and reservoir-nicks, 136, 

t t 141, 143, 14fk 
— ^ Mountains, 111. 

•‘Apschero^ Peninsula. 72, pS. 

"light oil from, 29. 

Series, 75. " 


— - impregnations, 171. 

— limestone, 171. 

— petroleum (asphalt- base*), .7, 8, 

151, 171, 178. ^ w 

— pvrobitumer 6, 8, 48, 172, 

‘173, 177, 17H, 181, 182, 183, 
1 89, et aeq. 

— roc'ka, 171. 

— sands and sandstones, 171. 
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^Asphaatites, 5f6,-7, 8, 170-171, 171- 
172, 177, 178, 181, 182, 183, 
184, et tfgj. * 

fusing.point of, 5, 6, 7, 171, 
* • 172, i77, 181, 182, 183. 

Assam, 63, 64. 71, 144^ J 
Astian Stage, 76. 

Asymmetrical anticlines and folding, 
102, 104, 105, 106. 

Athabasca, 69, 71. 

Aturian, 77. 

Australia^ 64, 70, 71. 

S^^h, 72. 

occurrence of “ oooron- 

gite,” 48, 180, 190. 

I -^Western, 70. 

Wtria. 65, 70, 71, 72, 187 ; Ap- 
^ pendix, 210. 

Autunian, 78. 

Auvergne, 71. 

Axially-inclined anticlines, 102, 105- 
106. 

Axial-plane, allowance for inclina- 
tion of, 106. 

— ~ calculation"* of allowance for 
inclination of, 1 06. 

inclined, 102, 104, 105-106. 

Azov, Sea of, 1 1 0. 

Azua, Santo Poming^, occurrence 
of glance-pitch near, 185. 


B 


Bacterial action ai^ genesi^ 32, 
33, 65. ^ 

Be^teri^ and salinity and process . 
* of deeomposition, 37. 

Baden (Germany), 70. 

Baikal, Jjake, 67, 198. 

Baikorite, 198. 

Ifajocian, 77. 

Baku, 12, 76, 88, 90, 140, 163. ; 

Series, 75. 

Baling, 92. 

Balkash, Lake, 190. I 

Baluchftiti' 4 71. 

Barbados, 65, 72,^13, 117-118, 12i^ 
1J9, 182 184. 

•Baiijrenrian, 77. 

Barionian, 77. 

B/iealt, Appendix, 211. 


1 Basalts, association of bitumen«Evnd 
I petroleum with, 20, 136, 143, 144,* 
I 199. 

I Basins, tectonic — and distribution 
! of oildelds, 133. * 

I Basle, 71. 

I Bateman, Alan M., 223. 
j Bathonian, 77. 

! Bavaria, 71, 19f. 

; Rhenish, 70. 

I Becker, G. F., 21; 

: 223. % ^ 

j Benzol (as a solvent for bitumens), 

; •nif 

i Berea Sand, 50, H 

Bergholm, C., Appendix, 210. 

' Bergstrom, G., Ap])endix, 216. 

. Bermiwlez, 158, 170. 

: Bernifian, 78. 
i Bibi Kibdfc, 88. 

‘ Bio-chemical origin, 49. 

‘ Bitumen, classification and termi- 
nology of, J, et s&i., 8, 9,^ 

. 177-178. • 

' definitions of tl^ term, 2, 172, 

1 74, et setj. 

, difFeront uses of the term, 2, 

171, 174-175. 

et.ymoh>gy of the term, 2. 

• — meaning and scope of the 

term, 1-2, 172. 

metamorphosis of, 181. 183, 

192, 195. . , 

. Biturnenites, 6, 8f 171, 177, ITS, 180, 
187, 194, 195. 

Bitumens, classification and termm- 
ology of the, 1, et «p/., K, 9, 
169, et ac'f. 

general characteristics of the, 

4, 173. 

“Jf^ativc," 6, 170, 179, 180. 

solid, 169, et seq., 179, 180, 184, 

• et seq., 194-19.5. 

' differentiation between 

• coaIsand,4, 173-l'it. 
fusibility of {see Fusing- 

• point). 

general charactecisiics of 

•the, 4, 67, eW. 179, 
180. . • 

tinfcsible and insoluble, 6, * 

*175, 179, 181f 183, 184, 

1 89, et seq. 
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Bitumens, solid, solubility of the, 6, 
174-175, 176, 177, 179, 
180, 181,184, 185, eMe?. 

specihc gravity of Uee 

^ Gravity *'). 

streak q.v. 

sulphur, content of, 184, 

185, et b&i. 

. variability and «graduatkpn in 

properties of the, 3-4, 6-7, 
173. , • I 

Bitumifions series, 3, 4, 8, 1#«3, 178. j 
Black Forest, Appendix, 206. I 

’ Fork Mountain, Oklahoma,* 194f*i 

“ Black spots,” 157, 171. 

Blake, Dr. W. P., 178, 190. 

Bockb, Prof. 11. Von, Appendix, 208, 
223. 

Boghead coal, 35, 48. 

Bogota, 1 85. 

Bolivia, 14, 70, 71. 

Bohemia, 69. 

* Boiling spring,” Barbados, 159. 

• Ii4‘*T>.’’elIi, Dr. 0., y56. 

Borneo, 26, 27^ 33, 38, 30, 42, 44, 
60, 63, 64. 08, 71, 72, 73, 75, 
105, 107, 108, 109, 111-112, 
118, 120, 131, 133, 136, 144, 
150, 156, J64, 166, 167. 

British North, 27, 75, 109, 118, 

120, 156, 164, 167. 

Dutch East, 107, 108, 11M12, 

4 131, 166. 

Diitc'h East, * aromatic com- 
pounds in petroleum, 42. 

— Dutch Ea-^t, recent petroleum, 
26. 

Eastern, 7.5, 107. 108, 111-112, 

131, 150. 

North-Western, 27, 75, 109, 

118, 156, 164, 167^ 

light oil from, 27. 

Boryslaw, 197. ' 

Bosworth, Dr. T. (>., 167. 

“ Brea,” 178. 

Brea, La (Pitch-I-rfike), 158, 170. , 

Brecciated limestones. 136. • 

Britain, Great, 70, 199. 

British Colvmbia, 60. 

Breftnides, 37. j 

•Bromine and iocline, aii*l riotrolenin, ! 
46. 

Bronze Age, 76. | 


Brunswick, 66, 70. 

Bulganak (Russia), 110. 

Bullen-l^ewton, R., 27. 

Bunter, 77. 

Buoyancy of oil in watery separation 
and ac^imu^ation by means of 
(,•€6 “ Gravity,” difference in; and 
Gravitational separation). 

Burdifalian Stage, 76. ‘ • 

“ Buried Hills,” detection of, Ap- 
pendiTiy 207, 210. 

Bw-.'ma, 15, 38. 63, 04, 71, lp«, 144, 
163, 167. 

Busk, K. G., & H. T. Mayo, 117. 


C\iNOzon*, 76. 

California, 25, 34, 67, 70, 71, 72, 
88, 92, 93, 99, 117, 133, 136, 
144. 

iodic springs in, 46. 

('aliovian, 77. 

Cambrian, 66, 69, 78. 

Campanian, 77. 

Canada, 14-15, 69, 70, 71, 143, 173, 
191, Appendix, 210. 

Western, 14-15, 60, 151. 

North- Westcv'ti?M, 158. 

Canncl coal, 35, 4.3, 48. 

Caoutchouc, mineral, 180, 189. 
Province, 70. 

Capillarity, and capillary segrega- 
tion, 81, 82, 84, 85, 122, 127, ct 
I.SA 131, 145, 150. 

(-apillary, depth within whk'h the 
selective, action is eitectfive, 
128. 

— — power oF water, 127. 

Caradociaii, 78. 

(^arbtme content, 180. 

Carbides, origin from metallic, 21. 
CarF/On, the great, group, 3. 

the pure, .series, 3. 

black, 10. 

dioxide, and forniftwloil of 

# petrols am, 31. 

.'emanations of, 161, IBS'. 

fixed, in solid bitumens, 182,. 

183, 185, el seq. 

J'nrbonaceous series, 3, 8, J 72, 173. , 
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Carbon disulphide (as a solvent for 
bitumens), 6, 175, 176, 177. 179, 
180 . 

Carboniferejus, 59, 61, 66, 70, 78, 85. 

Limestone, 78. • 

Carbon tetrachloride (a^a solvent 
for bitumens), 180. 

Cc^bbean region (see nUo TiA^iidad, 
Venezuela, etc.), 65. 

Carniola, Yugoslavia, 180, 

Carpathian region, 65, 71, 72, yi, 
112, *114, 117, 144, 149, 197 (see 
r//«eKoumania and Galicia). 
Caspian Sea, 12. 

^ region, 61, 65, 72. 

^Caslleton, Derbyshire, 189. 
tl-TiveiTdish, Henry, Appendiy, 204. 
Cavities and fissures in the roe-ks, 
126-127, 141. 

jx^troleum in, 80, 141. 

Caucosu-s, 12, 58, 61, 65, 71, 72, 106, 
Celebes, 64. 

Celestial bodies, hydrocarbons in, 20. 

— • bitumen in, 51 , 200, 

Ollulose, 40, 174. 

structure, 40. 

Cementation, and gas-pressure, K12. 

and porosity, 13^, 146, 148. 

differential, 94, 146, 148, 

progress..'*^ JJo, 132. 

Cenomanian, 77. 

*ribrain, 64, 71. 


i Church, A., 49. 

Cincinnati, geanticline, 94, 110. 

region, 110. 

: Clapp, F. G., 94, 95, 98» 130. 

('Uinton Sand. 94. • 

Coal, anthracite, 173, 178. 

association of, 39, et seq. 

xannel, 3#, 43, 48. 

differentiation between bitumen 

• and, 4, 173-174. 

'gi\§, 49, 160. 

, -Measures, 78. 

!• •origin from, 42. 

origin of, 51. 

series. The, 173, 174. 

tar, 172. 

Coaliuga. 34. 

Western, field. 88. 

Coals, tfeo, 3, 4, 8. 173, 171, 178, 
181. 

, relation between chariic‘t(;r of 

oil and degree of uletl'if 
niorpli(>sis lof the nssoe5'**^l,« 
• 49.50. ^ 

water in, 68-69? 

: (’oblentzian. 78. 

(V»lombia, 14, b."), 71, 72, 185. 
(V)lorado, 70, 71, 80, 141, 115, 186, 
189. 

Combustible substances in thf‘ rocks, 

5.3. 

Conehylian, 77. 


Ccresiii, 10. 197. 

(.'erous class (of solid native hydi’o- 
oarbons), 169, 178, 179, 18i. 
('haparral (Colombia f, 185. J 
Chapel quarries, Fifoshire, ueciuTenec 
•<ff elaterite, 1 90. 

“ Chapopotc," 178. 

Charmouthian Stage, 77. 

Chatma, 12. 

Cheleken (see Tcholeken). 

Chemin du Diable (mud-volcano, 
Trinidad), 166, 167. 

Chili, U, 71, 72. 

China, 14, 67, 70. 

ifor+hem, 67. 

North -EasC^rn, 71. ^ 

Chjoroforni (as a solveift fi>r bi- 
tumens), 175, 179. 

Ojblesterol, 24. 

Chrococcaeete. 47. 

Chum, Mount, Styria, Austria, 187. * 


Condrus'an, 78. . 

Coiitaeian, 77. 

Convergence of stiikes, 106, 107.,, 
(V>6rong tlistrict, South Australia, 

= 180, 100. 

Courongite, 48, 180, 190. 
Concentration of pcjtroleiiin in rela- 
tion to stiueturc, 
79, et se/f. 

s ])rineiplcs of the, 80, 

ef leq. 

Conten>f)oraneous erosion, 03. 
Copalite, 178. 

^orallian, 77. 

Corniferous Limestone, 3k, ,143. 
Comw'JlI. W4. - ^ 

Correlation of strata, 67-69. • 

“ Cosmic,' ’ theory of origin, 20, 51. * 
[ Costa Rica. 72. »* 

Courtzilfite, 187. 

, Cover, of^reservoirs (sef. “ Roof "J. 
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l)raig/ £. H. Cunningham, 31, 38, 
46, 167. 

^Cretaceous, 60, 61, 66, 67, 70, 72, 
75, 77, 97, '196. 

Crimea, 12, 66, 1«0, 110. 

Crystalline native hydrocarbons, 178, 
199. 

, Cuba,* 71, 189. 

Culm, 78. 

(Curvature or Riding, accumulations 
line to, of strata, 99#rjf seq. 

degree of, in folds, 103, 105. 

Cupolas,” 107. * 

Czechoslovakia, 69, 72 ; Appendix. 
208, 209. 


^ Dalton, L. V., 47. 

^ Danby, A., 175. 

Danian, 77. 

llarton, N. H., Appendix, 220, 224. 

'• 8ea, The, iTO, 186. 

Deformation, r^dation between^ and 
character of oil, 
49.50. 

and formation of gas, 

49-50. 

and metamorphosis 

of coal, 49-50. 

Deltaic formations, and occurrence 

, of petroleum, 59-60, 151, 200. 

Denudation, 17. r< 

Depolymerization (of infusible bi- 
tumens), 191, 192, 193. 

Deposits of petroleum and structure, 
79, et seq, {see 
“ Accumula- 
tions ”). 

classification ^>f, 79, 

et seq. 

Derbyshire (occurrence of eltfterite),’ 
189. ^ 

Deserf -regions and electrical liethods, 
Appendix, 216. , 

Desiccated basins and conditions o( 
formation, 37. ^ 

Desiccations conditions 6f, and for- 
ihation of petj'oleum, 37, 38. 

^■Deterrainc^tion of the 'amdergiound 
by meai&a of the co-operation of 
the several geophysical methods. 


Devil’s Woodyard (mud- volcano), 
Trinitad, 166, 167. 

Devonian, 61, 66, 69, 78, 97. 
Diaper-structure, 114, 1^7. 

Diatoms, *25, 33, 34, 46, 47, 53. 

origin of oitumen or petrolbum 

from. 24, 25, 33, 34, et seq.f 
t'46, 47. 

— — and petroliferous strata, 25-26, 

34. 

Di^tomaccous oozes, petroleuii. from, 
24, 34. • 

Difference in gravity and con^’entra- 
tion and separation of oil from 
water, 81-82, 121, et seq., 129, J30. 4 
Differential gravitation, as above. ^ , j 

cementation, q.r. ‘ » 

Dimunitions in dip and accumula- 
tions, 94, :t seq., 128. 

Dinantian, 78. 

“ Dingman ” Field, Alberta, 102. 

Dini, Prof., 199. 

]>inite, 181, 199. 

Diorite, Appendix, 211. 

Dip, dimunitions in, and accumula- 
tions, 94, et seq., 128. 

irregularities and variation in 

the got.eral, and accumula- 
tions connected therewith^ 
94, et setq. 

needle, Appendix, 212. 

Disco Island, 144. 

Distribution, stratigraphical, 58, et 
seq., 61. 

Dolomites, and occunencc of petrol- ' 
euifc, 38, 80, '136, 142, 143, 143. 
Dolomitization, and occurrmce of 
petroleum, 38, 80, 94, 142, ISO!-' * 
Domes, 83, 100, 113. 

— *-■ detection of, Appendix, 210. 

saline, 113. 

detection of, Appeiidii, 

207, 208 210, 212-213, 

♦ 218, 224. 

Dordagny, 72. 

Dougherty, Oklahoma, 194. 

Douvill^, Prof. C., 68. • 

Downs, North and«!8outh. 111. 

Drilling ii\ outcropping beds, 91-0^2. 
Duchesne, Fort (Utah), 187, 190. 

River (Utah), 187. 

JOunn, O. C., 32. ^ 

Dutch East Indies, €4, 71. 
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Dyas, 78. Equipotential lines, Appondij,^2T5, 

Dykes and accumulations, ^)8, 146, 216, 217. ^ 

% 149. Erosion, base level of, 17. 

^ detection of, Appendiv, 210. Estuanne conditions, 200 

211.* • Ether (as a soKent for bituinons). 

Dynamo chemical origin, #9, ri7. 175, 179, 106, 190. 

aaency, 49-50, 57. Etna, Mount, 144. 

Dvne, Ap|)endix, 206. Eureka County Nevada, 194 

D^sodile, 43, 49. Evucftitions, on, and seopape^s, 96, • 

98, 110. 126, 149, 15.J, 151, 155, 
156, ACY, 170, I'M 
E 


E\riij, hiph spedhe gra\jty ot the, 

Ead, Ta,!, 63. 

- — Indies 60 

aromatic compounds in 

petroleum, 42 

- pelroleum associated with 

coal, 39, 42 43. 

Dutch, 64, 71 

Eastern Archipelago, 14, 64, 7 1 . 
Eiuadoi, 14, 71. 

Egbell, Appendix, 208, 209, 210. 
Egypt, 71, 72, 143, 145, Ap^iondix, 
210 {nee Hed Sea and (Oilf of 
Suez region). 

Eilcl, 'Fhe, 1 63. 

Eifehan, 78. 

Elatente, 6, 8, 4i, 48, 177, 178, 180, 

. 181, 182, 183, 180 190 
Eldiidge, E. H., 193 
Eloftra district, Texas, 84. 

Electrual conductivity, 215, et se i 

methods, J7 ; Apiicncb', 215, 

( t se<] , 222, 223 ; Adclenda, 

* , 224. 

resistance. Appendix, 215, 217 

Elcctiic (uirents, Appc*ndi\, 215, 
et &eq. 

• pioperty of solul bitumens, 

186, 102. 

Emscherian, /7. 

England, 111. 

East Coast, “ warp " dejiosits, 

44. ' 

Engler, j lof. C . 23, 32, 55. 

Eocene, f 4, 67, /I, 77. 

Logene. 77. 

Eotvo**, Prof. R. von, Appendix, 
204, 205, 208, 214. 

Epigene .orces, 17. 


F 

FviToiis, conditionary, lor oiigma 
tion of deposits of iietroleum 
from oiganu matUu, 56 
problems and, in inovemont 
and accumulation ot ]H'tro].» 
eum, 121, et sc /. 

Famennian, 78 

“ Fan shaped ” ♦ructuie. 112 , in, 

118 f * 

“ Fault rock," 90, li>7, 106. 

Faults, accumulations due to, 87, 
et se/ 

dcdcHtion of, Apiiendix, 207, , 

211, 215, 221 

influenre of, 88, et sp/ , 91, 108. 

- noimal, 80 
obljcpie, 8’^ 
reversed, 80 

tcimiuatu ti oi reservoirs by, 

146, 148. 

Fc delated Malay States, 15. 

Fekcte, E , Appc»udi\, 208 
Fcighani. Province, 13, 67. 71 
Fichtelgebiige, 190. 

Fichtehte, 178, 181, 199 

Fites III 0 , occiinc'nce of elate iitc*, 

190 

Findlay Field, 96 
Fish bods of Tc heleken 75 
Fishei , Rev. O , 22, 23 
Fishes, bitumen associatc‘d witJi • 
fossil, 20, 192. 

»rigin from, 23. 

petroleum from, 21/. 

in fossil, 123. 

Fissurec? sh&los, 80, 141, 145 
Fissiin^s and cavities iti the rocks, 
126-127, 141. 
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^i8s®i;p8 and cavities, xM^troleum in, : Gas and petroleum-deposits, effect 
80, 141. j of. etc., 81, 82, 84, 124, 125, 

occurrence of ozokerite in, 90, j 126, 131, 132. 

196-197. j and pressure in reservoir^ 81, 

solid bitumen in veins, 5, 7, 155, | 84« 124, 125, 129, *131, IjPi. 

170, 180, ^84, 186-187, 188- j ratiotjf, to oil in reservoirs^ 50, 

189, 191, 192, 193, 194. 75. 

Flexing of strata, 99, e,t set}. I l^^cognition and distinction of. 

Florence Field, 80, ifl. I connected with petroleum. 

Folded, highly folded strata, 116, 159, /jf 

et .s'c^^ * I tesfs for, 1(H), 161. 

Folding of strata, 99, et sent j transmission of, thro#^ the 

, acute folding, 103. j reservoirs, 125-126. 

non-acute, 103. j “ wet," 161. 

Foraminifera, 33, Q9. i Gliely, Appendix, 208-210. 

and petroliferous strata, 25-26, ; Geanticline, (Cincinnati. 94, 1 10. 

33, 34, 63, 64, 65, 73. ; (^fcanticlincs, 110. 

origin from, 25-2r). 33, et "eq. “ (iels," 43, 48. 

Foramineral beds, 34. : (Jedinnian, 78. 

/Formosa, 63, 71, 73. i Geikie, Prof. James, 79. 

Fort Duchesne, 187, 190. ■ Geneva, 72. 

Fort Mackay, 159. Geological history, 18. 

Fraas, ()., 28. g .Geophysical methods, 10-17; Ap- 

0, 70, 71 , 72 'l90. : iwimUx, 201 , el w/. 

Frasnian, 78. : Geophysics, 16-17. 

Friction in the rocKs, and movement Geosy no lines, and occurrence of 
of x^troleuni, 81, 82, 122, 145. ! oilfields, 133-134. 

Fusibility of solid bitumens (see • Oeotecstonic conditions, 79, ef seq. 

Fusing-point)' , Geothermal gradient, Apix?ndix, 219, ^ 

Fusing- i3oint, of solid bitumens, 3, 5, ' 220. . 

6, 7, 171, 172, 174, 177, 181, 182, ; Geothermal-geological diagram, Ap- 
183, 185, ^cr/. peiidix, 220. r ' 

Fvme, Loch, Argyllshire, 198. Germany, 70, 71, 72 ; Appendix, 210. 
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